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A COMPREHENSIVE EVALUATION OF THREE SEL:OCTED 
SP�IES OF CULTIVATED GRASSES 
Abstract 
MARVIN J. WURSTER 
Under the supervision of Professor L. D. Kamstra 
Studies were made to determine if.!!!, vitro methods, including 
dtgestibility, could be used as selection criteria by the plant 
breeder and to predict animal utilization of forages. Grasses used 
in the study were Manchar and Sac bromegrass (Bromus inermus Leyss), 
Greenar and Oahe intermediate wheatgrass (Agrop:yron intermedium) and. 
Siberian and Nordan crested wheatgrass {Agropyron desertorum). .!!!, .!1!2, 
( conventional digestional trial) and .i!:!, vitro comparisons were made to 
determine if the same differences in digestibility could be demonstrated 
between varieties of the three species by both methods. The forages 
were harvested at ;<YI, head emergence and 14 days thereafter • .!!!. .!1!2, 
digestibility differences between varieties within a species were 
small and nonsignificant. However, intermediate wheatgrass varieties 
differed significantly when closely controlled:!!!, vitro techniques 
were used. It would appear that i!2, vitro techniques·were at least 
as effective as .in_ !1Y2, methods in evaluating relative differences 
in digestibility of grass varieties. A highly significant correla-
tion (r = 0.89) was shown between the methods. 
In an effort to determine if varietal differences were con­
sistent, chemical analyses and 1!l, vitro digestibility determinations 
were made on forage varieties sampled at six day intervals throughout 
/ 
the 1966 and 1967 growing seasons. With the increasing level of acid­
detergent fiber and acid�detergent lignin, i!l v:i.tro cellulose and dry 
matter digestibility declined significantly. Differences between 
varieties within a species, however, were small and any significant 
differences shown would be unimportant. The above differences between 
varieties were not consistent throughout the season, indicating that 
multiple sampling dates should be used in plant selection programs. 
The most severe test of in. vitro evaluation methods involved 
plant fraction separation. In determining the effects of anatomical 
changes on chemical composition and in. vitro digestibility of grasses, 
plants were separated into leaf blade, leaf sheath, stem and seedhead 
fractions. Leaves contained less acid-detergent fiber and lignin and 
·-
were more digestible -than the other fractions with few exceptions, 
while stems contained the most acid-detergent fiber and lignin and 
were lowest in digestibility. Leaf sheath values for acid-detergent 
fiber, acid-detergent lignin and.!!!. vitro digestibility were inter­
mediate between leaves and stems but resembled stems more closely th:m 
leaves. Seedheads were variable in composition and digestibility 
apparently due to development of the endosperm folloiied by shattering 
of the ripened seed. Thus, selection by the plant breeder for forage 
varieties having stems and sheaths which are high in digestibility would 
appear more beneficial than selection for leafiness since these two 
fractions co�posed nearly 70% of the plant dry matter shortly after 
heading. For example, this was shown by the Jower di�estibility of 
intermediate wheaterass varieties which contained � larger percentage 
or sheath and stem tissue than the other species. Below normal 
precipitation during the early part of the i967 growing season 
warranted a study of drought effects. Certainly climatic conditions 
are factors to be considered in plant selection. The results showed 
that plants grown on the drier soils contained significantly less 
acid-detergent fiber and significantly more in vitro digestible - -----
dry matter and cellulose and produced lower yields of dry matter per 
hectare. 
/ 
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INTRODUCTION 
Evaluati<??l of forages by the plant breeder has consisted 
primarily of assessing their resistance to disease, tolerance of 
insects, winter hardiness, chemical composition and yield. Little 
consideration has been given to digestibility since suitable methods 
have not been available for determining the nutritive value of a large 
number of breeders lines of forage varieties. This has often led to 
the release of varieties without determination of an estimate of the 
actual value or yield potential as expressed by digestible dry matter. 
Until such methods are available, new varieties will continue to be 
released with little information relative to their feeding value as 
pasture or harvested feed. 
The above factors along with the increased interest in breeding 
new, high yield�g varieties of forage have created a need for methods 
which the plant breeder can utilize along with present selection 
criteria to sel�ct highly digestible plants early in the propagation 
of new varieties. Owing to necessity these methods must rely on 
laboratory procedures since adequate material for animal evaluation is 
·usually not available. 
It appears from a review of the literature that various methods 
are now available which could be adapted for use by the plant breeder 
for evaluating grasses. The development of new, less laborious chemical 
analysis procedures for determining lignin and fiber content along with 
the development of i!l vitro dry matter and cellulose digestibility 
procedures offer considerable promise for use by the plant ·breeder. 
The most effective method or combination of methods is yet to be 
ascertained and becomes one of the primary considerations of this 
study. 
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The purpose of this study was to determine if laboratory 
methods such as cellulose, acid-detergent fiber, acid-detergent lignin, 
l!l vitro dry matter, cellulose and protein digestibility could be 
successfully used by the plant breeder to evaluate differences between 
breeding material such as,varieties of forage within the same species. 
The data obtained using laboratory procedures were then compared to 
results obtained in a conventional digestion trial using sheep. Three 
species of grass were used with two varieties within each species. 
This investigation was corxiucted with the following specific 
objectives: 
1. To compare the results of in, vitro digestibility methods, 
including protein digestibility, with the conventional digestion trial 
to determine if.!!:!. vitro methods can be used as effectively to detect 
differences in digestibility. 
2. To study the rate of maturation of forage varieties to 
determine if varietal differences are maintained throughout the 
growing season. 
J. To study the chemical composition and in vitro digesti­
bility of the leaf, sheath, stem and seedhead fractions of grasses to 
determine their usefulness in plant breeding and selection programs. 
REVIEW OF LITERATURE 
Proximate Analysis � Digestibility Trials. 
Num.erous methods of feedstuffs evaluation have evolved in the 
past century of progress in animal nutrition; however, the most 
generally used scheme for describing feedstuffs was developed before 
this time. The proximate analysis scheme was devised by Henneberg and 
Stohmann at the Weende Experiment Station in Germany as a result of 
their investigations from 1858 to 1863 (Hansen et al., 1958). 
' 
--
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According to this scheme or analysis a feedstuff is partitioned into 
six fractions, water, ether extract, crude fiber, nitrogen free 
extract, crude protein and ash. Five or these fractions are determined 
chemic ally, while the sixth, nitrogen free extract, is determined by 
difference. This plan of analysis groups together a variety or 
substances in terms of some of their common chemical characteristics. 
Each or the components, except water, represents a combination of 
nutrients some of which are or little nutritional value to the animal. 
Shortcomings of the proximate analysis system such as the 
inclusion of lignin in the nitrogen free extract fraction rather than 
in crude fiber and the calculation or nitrogen· free extract by differ­
enc� have been discussed by many authors. The reader is referred to a 
more recent review by Van Soest (1967) for a discussion of the limita­
tions or the proximate analysis system. Regardless of the shortcomings 
of the proximate analysis system, with proper interpretation or the 
figures for the carbohydrate fractions it gives one adequate 
information about the class of animal the feed would be most suitable 
. for. The application of the proximate analysis scheme to forage 
evaluation has greatly increased our knowledge of forage utilization 
in feeding practice. 
Chemical analysis of feeds attempts to predict the nutri�ive· 
value of feeds; however, this does not provide information as � what 
components or the feed are actually available to the animal. Actual 
digestibility or the feed must be known since undigested nutrients do 
not enter into body metabolism. 
A digestion trial involves a record of the nutrients consumed 
and the relative fecal losses. It is essential that the feces 
collected represent, quantitatively, the undigested residue or the 
measured amount or food consW11ed (Maynard and Loosli, 1962). In 
carrying out a digest.ion trial the anima1s are placed on the test 
ration tor a nU111ber of days before collection of feces is initiated. 
This is termed the preliminary period and may vary in 1-ength depending 
on the ration being tested. The effect of length of preliminary 
periods has been studied by Hall and Woolfolk (1952), Nicholson !i .!!• 
(1956) and Lloyd�.!!• (1956). These researchers concluded that 
there is little justification for extending the preliminary period 
beyond 10 days when only minor changes are involved in the test 
rations. They did conclude that longer preliminary periods are needed 
when hay to grain ratios vary widely. The optimum preliminary period 
for such trials lies between 16 and JO days. Hall and Woolfolk (1952) 
extended the preliminary feeding period to 60 days and found rhythmic 
fluctuations in the digestibility of all components of the ration. 
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They mentioned that because of these nuctuations it seems highly 
improbable that constant and maximum digestibility of the nutrients 
studied is bi�logically normal. 
5 
Total collection procedures are usually employed as a standard 
procedure when exacting data are required. This involves an accurate 
accounting of all feed consumed and of all feces excreted during the 
test period and necessitates the use or metabolism stalls or fecal 
collection bags. Precautions must also be taken to avoid contamination 
of' feces with urine. 
The digestibility of roughages may present problems in relation 
to practical feeding conditions since refusal of animals to consume 
portions of roughages is often encountered. Several procedures have 
been proposed to overcome this problem. The first method is to feed at 
restricted levels to encourage animals to consume the feed a1lowance, 
and the second is the preparation of feeds in such a manner that 
selection by the animal is eliminated (Maynard and Loosli, 1962). A 
col'IUllon procedure is to collect the refused portion, dry, weigh and 
analyze it. This quantity is then added to the nutrients excreted in 
the feces and the sum subtracted from the nutrients fed (Lindahl, 
1963). All of the above procedures measure the digestibility of the 
roughage as consumed during the trial but may give misleading data 
about the nutritive value of a feed when applied to practical feeding 
conditions (Lindahl, 1963) . This may not be a problem with high 
quality forages which are readily consumed, but total digestible 
nutrients calculated on the "as consumed basis" for low quality, 
stemmy forages overestimates their value. 
Indirect methods of determining digestibility have also gained 
wide acceptance. Studies by Kane et al. (1953) and Elam et al. 1 (1962) 
-- -- I 
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using indicators such as chromic oxide, chromagens and lignin yielded 
good comparisons with total fecal collection methods. In the above 
studies coefficients of digestibility determined from single day 
collections of feces by the chromic oxide ratio method agreed well with 
those obtained by the total collection methods. Values calculated from 
the lignin ratio method were significantly lower. The indicator 
methods of determining digestibility are of particular value in pasture 
and range forage evaluation studies. 
As with all methods of forage evaluation the digestion trial 
has also been a subject of controversy as to its accuracy. Schneider 
arid Lucas (1950) reported on the magnitude of certain sources of 
variability associated with digestibility trials. They found that the 
largest errors were associated with the ether extract fraction followed 
by crude protein and crude fiber, while the variability of total 
digestible nutrients was smallest. They concluded that accurate 
average digestibility data cannot be obtained by one worker or a few 
workers each conducting a large number of trials. They suggested 
cooperative studies for attaining this goal. Collaborative studies 
reported by Donefer (1966) and Barnes (1968) indicate that variability 
among experiment stations in determining the digestibility of a common 
feed may be significant. Both authors mentioned that the variation in 
·determination of chemical constituents and their digestibility 
emphasizes the importance · of sampling technique and preparation of 
forages for analysis. The study reported by· Barnes (1968) indicated 
that the magnitude of variability among sheep within stations was 
greater than that among stations for dry matter digestibility measured 
during the restricted intake phase. In spite or the fact that a high 
within feed variability in digestibility is very common, Schneider 
.!1 .!!.• (1950) have shown that the application or average digestion 
coefficients in addition to chemical composition data resulted in 
appreciable gains in precision when predicting nutritive value. 
Total digestible nutrients ( TDN) are based on data obtained in 
conventional digestion trials. Calculation of TDN is made by 
multiplying the amount of crude protein, crude fiber, nitrogen free 
extract and ether extract by the digestion coefficients for the 
respective constituents and assigning an energy value of one to 
digestible protein, fiber and nitrogen free extract and 2.25 to 
digestible ether extract (Lindahl, 1963). 
Total digestib�e nutrients are the easiest measures of food 
energy to determine. · Published average digestion coefficients make 
possible the calculation of a given supply of feed from its specific 
nutrient content. The limitation of TDN as a measure of food energy 
is that the errors associated with the proximate analysis system of 
feed analysis are inherent in the calculation of TDN. In addition 
it does not take account of the other important losses, such as the 
combustible gases in the case of Herbivora and, most important, the 
7 
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· heat loss (Maynard and Loosli, 1962). These losses are considerably 
larger for roughages than.for concentrates and it is for these reasons 
that TDN overestimates the value of roughage·s. Lindahl (1963) mentions 
that although TDN has a number of serious limitations it is· easy to 
determine, values are available for a large number of different feed­
stuffs, the values serve as the basis for the feeding standards 
currently employed in the United States, and l.llldoubtedly TDN will be 
the basic system of energy evaluation during the next few years. 
The use of digestible energy as a measure of food energy 
eliminates the errors associated with the proximate analysis system and 
consequently is considered to be a more reliable measure of food energy 
than TDN. The calculation of digestible energy involves the determina­
tion of the gross caloric content of the-feed consumed and the feces 
excreted. Although superior to TDN as a measure of food energy, 
digestible energy does not_ account for any additional losses other than 
those associated with digestion. 
It is ironic that at the time of Lindahl' s writing the work of 
Lofgreen (1963) to develop net energy requirements for maintenance and 
net energy requirements for production came into limited use. Although 
this system also has some limitations, it accounts for more of the 
losses which occur in the digestion and utilization of forages. 
According to Lofgreen and Garrett (1968) previous net energy systems 
were not recommended for use under maintenance conditions because of 
their tendency to underevaluate roughages in relation to concentrates 
for maintenance. The proposed system appears to be applicable to 
maintenance conditions as well as production. However, the above 
workers do not talce into consideration that this system is largely 
based on values calculated from existing TDN data. In addition they 
rail to mention that this system assumes that animals will be kept in 
a "zone or thermal neutrality." For this reason rations based on TDN 
may be more appropriate for colder climates. The California system, 
although in its infancy, will undoubtedly become more widely used in 
feedstuff" evaluation in coming years. 
Cellulose � Lignin 
'!be insoluble residue that remains after digestion with dilute 
alkali consists largely of cellulose as a polymer of beta.-D-glucose. 
Since the early recognition that crude fiber and nitrogen free extract 
did not represent pure chemical entities, numerous attempts have been 
made to classify the carbohydrate fraction of feedstuffs by more 
9 
precise methods. 'lb.is eventually led to the separation of carbohydrates 
into such component fractions as cellulose. hemicellulose, holo­
cellulose and lignin. Cellulose and lignin are or primary interest in 
this discussion. 
One or the early schemes of analysis proposed to a.void the 
limi�ations of crude fiber and nitrogen free extract as measures of 
forage nutritive value was that of Crampton and Maynard (1938). Based 
on studies of previous procedures, methods were developed for the 
determination of cellulose and lignin directly while "other carbohy­
drates" were estimated by difference •. Their data indicated that, at 
least for Herbivora, a partition of the carbohydrate portion of a 
feed into lignin , cellulo se and other carbohydrates may have more 
biological significanc e and hence be  of greater usefulness in pre­
dicting feeding values. Their method of cellulose analysis has been 
quite widely accepted in contrast to the lignin procedure. A 
modification or the above scheme was proposed by Crampton and Whiting 
(1�4J ) in which c ellulose and other c arbohydrates were determined and 
lignin c alculated by difference.  '!his method of analysis ,  al though 
believed to more nearly approximate biologically related units , has 
not been widely acc epted. Matrone .!! .!l• (1946 ) modified the Norman­
Jenkins method to shorten the time and increase the efficiency of 
10 
the operation with the result that this method has been widely used. 
'lhese authors mention that crude fiber is an approximate measure of 
true cellulose and that with legumes the agreement between crude fib er 
and· cellulose is relatively clo se ,  while with grasses the cellulose 
values are greater by approximately Jo%, indicating that grasses 
contain more xylan than legumes .  Hansen .tl .!l• (1958 ) in their 
review or c arbohydrates pointed out that , sinc e ruminants seem to 
utilize c ellulose and pento sans with equal gross efficiency, a method 
which groups these items as a "biologic al uni ttt has merit in terms of 
probable usefulness to animals .  
It appear s  that c ellulose is a better index o f  feeding value 
than crude fiber at least for forages. '!he crude fiber value b ecomes 
less reliable as an index of the poorly digested c arbohydrate fraction 
o_f grass forages with advancing maturity. 
Carbohydrate entities such as hemicellulose and holocellulose 
have also been the subject of considerable investigation ;  they are 
discussed briefly. Holocellulose includes both hemicellulose and 
cellulose and therefore represents nearly all of the carbohydrate 
present in forages other than the soluble carbohydrate. A study by 
Ely and Moore (1956) indicated that protein and lignin are minor 
contaminants or holocellulose prepared from materials low. in protein. 
However, when preparations are made from high protein materials, the 
apparent lignin and protein content or holocellulose increases. 
11 
Studies or the hemicellu.loses or forage plants by Sullivan 
(1966) revealed that there may be a closer association between hemi­
cellulose and lignin than between cellulose and lignin. '!his was 
illustrated by the fact that hemicelluloses were not water soluble but 
bee ame so when deligniried as in the preparation or holocellulose. 'lhe 
hemicelluloses or· grasses were more digestible than legumes and in both 
types of forage the digestibility of the carbohydrates was adversely 
affected by the quantity of lignin, and a higher ratio of hemicellulose 
to cellulose was assoc.iated with higher digestibility. 
Although lignin is not a carbohydrate, it is included in the 
carbohydrate fraction by association. 'lhe presence of lignin in forage 
material decreases digestibility and utilization of the feed in question 
and this depression becomes increasingly greater with advancing 
maturity. 'lhe specific effects of lignin on forage quality will be 
discussed in the section dealing with changes in components of plants 
with advancing maturity. The discussion here is limited to the 
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developnent of analytical methods. A considerable amount of the early 
work involving lignin analysi s  in forages was done by Norman and 
Jenkins (1934) . ·They showed that pentosans niay be hydrolyzed and con­
verted to furfuraldehyde slowly in the presence of 7'4, sulphuric acid 
and that furfuraldehyde may combine with lignin , resulting in high 
apparent lignin values .  Under appropriate conditions ,  2 hr. at 2 00  C . , 
this effect was minimal , and this still _remains the basis for 721, 
·sulphuric acid treatment. 
The procedure developed by Crampton and Maynard (19)8 ) con­
tained a pretreatment period with pepsin for 12 hr. to reduce the 
effect of protein on the lignin values. Earlier Norman and Jenkins 
( 1934) had shown that lignin isolated from plant materials of high 
·-
protein content, contained more nitrogen than lignin isolated from. 
materials low in protein. '!he study of' several lignin analysi s  
methods by 'lhomas · and Armstrong (1949 )  revealed th at th e  Crampton and 
Maynard method gave considerably higher yields of lignin than th e  
Norman and Jenkins procedure. 'lhe authors attributed this to the 
alcohol-benzene extraction which did not completely remove waxes and 
other substances which would interfere with the penetration of 72', 
sulphuric acid and thereby enhance yields. Also ,  the addition of the 
formaldehyde used is c apable of increasing the weight .of lignin .  The 
method of Ellis � al. ( 1946 ) has been widely accepted. Basically it 
is the method of Norman and Jenkins with the addition of an acid­
pepsin digestion prior to the 5i sulphuric acid treatment. Other 
factors which may affec t the lignin values in addition to nitrogen 
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content of the material are alcohol-benzene extraction time and drying 
temperature of the samples.  Results of 'Ihomas and Armstrong (1949 ) 
indicated that a ·4 hr. extraction with alcohol-benzene was insufficient 
for complete extraction, while a JO hr. period was longer than· 
necessary. It was also shown that oven drying of feces at a temperature 
of 105° c. resulted in higher lignin values than similar samples dried 
at .600 C. , although the difference was not as marked as with feed 
samples. Ellis ,!!: .!:l• (1946) and Gaillard (1962) showed that high 
drying temperatures increased the lignin content of young immature 
tissue more than in plant tissue or advanced maturity. 
It should be pointed out that the methods discussed are 
presently used very little. This is in part due to the time consuming 
nature or the methods ·as well as the development or new analysis 
procedures by Van Soest (196Ja). 'lbe development and application of 
this method is discussed in the following section. 
Development ,2! Laboratory Methods g!_ Forage Evaluation 
Carbohydrate � Lignin Analysis. '!be present use of crude 
fiber in forage analys·is is based on the assumption that crude fiber is 
related to quality. While this is generally true, the precision of the 
method decreases when plants become mature. Crude fiber may be 
unsatisfactory because of its variable composition and digestibility 
(Norman, 1935 ) . It is sometimes more digestible than the nitrogen 
free extract (NFE), which is supposed to represent the highly 
digestible carbohydrates. The low digestibility of NFE results partly 
from extraction of indigestible lignin and partially from digestible 
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hemicellulose in the fiber determination. With these limitations in 
mind, Van Soest (196Ja) initiated the development of a new system of 
analysis for nonnutritive residues of feeds. · Although this system 
was designed primarily for use with roughages, it is also applicable 
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to less fibrous feeds. '!he method of analysis for fiber by Van Soest 
(1963a)  began with the examination of several possible detergents. Two 
combinations seemed to be promising with regard to preparation of 
plant fiber of low nitrogen content, sodium lauryl sulfate in neutral 
or slightly alkaline solutions and cetyltrimethylammonium bromide in 
strongly acid solution. 'Ihese two detergents and media yield two 
basically different types of fiber. 1he fiber prepared from neutral 
detergent solution represents cell wall constituents (CWC ) in 
essentially undegraded. form. '!he fiber prepared by acid digestion gave 
a considerably smaller yield and probably represents the more indigesti­
ble portion of the fiber• at least as far as ruminants are concerned. 
It was pointed out that the latter residue would be a more suitable 
starting material for lignin analysis, since a considerable portion of 
the hemicellulose would have been removed. 
Further work by Van Soest (1963b) led to the present terminology 
of acid-detergent fiber (ADF) and acid-detergent lignin (ADL). 
Basically the ADF analysis is an extraction of plant material in 1 N 
sulphuric acid containing 20 gm. of cetyltrimethylammonium bromide per 
liter for l hr. '!be residue obtained after filtration and drying is 
termed ADF. '!be determination of lignin from ADF is accomplished by 
a 2 hr. extraction with 721, sulphuric ·acid at room temperature after 
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which the material is washed free of acid, dried, weighed and ashed and 
ADL determined as the loss. on ignition. 
In applying the ADF and ADL analyses to forages of known 
digestibility, Van Soest (1963b) found that ADF ranged from ·25 to 541, 
and ADL ranged from 2. 0 to 11. 5%. The composition of the ADF fraction 
did not appear constant for carbon, nitrogen and ash. 'Ihe variations 
in -carbon and ash content may have been related to the maturity of the 
forage. Correlations between digestibility and ADF were higher than 
with crude fiber. When correlations were calculated between lignin and 
digestibility for legumes and grasses separately. they were higher than 
when combined. Values for grasses and legumes were -. 88 and -.9J, 
respectively. Although lignin decreases the digestibility of carbohy­
drates, the exact linkage or association is not lmown. Studies by 
Bolker (1963), Van Soest (1964) and Sullivan (1966) indicate that the 
point of attachment may be . mainly on the hemicellulose portion of 
holocellulose. 'Ihe study of lignin in wood and sulphite pulps by 
Bolker (1963 ) suggested that the linkage is an acetal or hemi-acetal 
bond and on cleavage liberates a ketone group in the lignin. 
Th.e fiber analysis methods of Van Soest have been successful 
because the detergents used allow for removal of protein and other 
plant substances without disruption of the fibrous components. In 
addition the ADF fraction includes lignin which is partially lost in 
the crude fiber analysis. '!he removal of protein is more complete in 
the AOL procedure than in previous methods of lignin analysis 
( Van Soest, 1963b) ;  consequently• the values obtained a.re more repre­
sentati ve ot "true lignin. " 
16 
Differences in chemical composition between crude fiber and 
acid-detergent fiber have been studied by Kim !1 .!!• (1967) and Colburn 
and Evans (1967). 'lhe study of Kim ,tl _!!. (1967 ) indicated that' the 
ADF procedure invariably yielded higher results. '!his difference 
varied directly wit.h lignin content of the original material and was 
most pronounced in fecal material. 'lbe ADF contained more lignin but 
less pentosans and cellulose than crude fiber. The crude fiber 
fraction lost 60 to 84� of original lignin and 80 to 86� of original ­
pentosans. In the study of Colburn and Evans (1967 ) cellulose and 
lignin accounted for about 90% of the ADF for grasses and about 941, 
tor alfalfa-grass mixtures. They also stated that lignin was completely 
recovered in the ADF fraction and in this respect ADF would be con­
sidered more representative of the indigestible portion or a feed. 
'lbe ADL method or analysis is also sensitive to the effects or 
heating as shown by Van Soest (1965a). It was shown that heat drying 
of forages at temperatures above 50° c. caused significant increases 
in yield of lignin and fiber. The resu.1 ts showed that heating air-dry 
forages produced smaller increases in the ADL, insoluble protein and 
apparent lignin than that obtained in drying wet forage at 100° c. for 
20 hr. '!he harmful effect of high temperatures appeared to take place 
in the first few hours of the drying process. 
In addition to fiber and lignin analysis methods, Van Soest 
and Marcus (1964) developed a procedure for the determination of cell 
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wall constituents (C\\C ) wh1.ch was later modified by Van Soest and Wine 
(1967 ) .  The procedure involves the extraction or plant material in a 
buffered detergent solution for one hour. The residue obtained contains 
lignin , hemicellulose , cellulose and some wall-bound, protein. It was 
shown . that the digestibility or the insoluble residue appears to be 
much less than that of the soluble portion. Cell wall constituent 
values were more closely rel ated to voluntary intake than dry matter 
digestibility, although there was no signific ant relationship between 
CW:: and voluntary intake in forages with a Cvl! content of less  than 6r,f, 
of the dry matter. C ell wall cc:nstituents which represent the total 
fibrous fraction or the forage limit intake when they increase to more 
than 60'!, of the dry matter ( Van Soest , 1965b ; Van Soest and Wine , 
1967 ) .  Cell wall data · fit intake data much better than c ellulose , 
lignin or other plant fractions , none of which measure all of the 
fibrous constituents comprising the c ell wall. Van Soest ( 1965b ) also 
mentioned that the CW: of grasses may be greater than those of 
legumes ,  re�ulting in about equal dry matter digestibility. The 
voluntary intake is us�ally lower, especially in the more mature 
grasses that are highest in quantity and lignific ation· of cw:. In the 
c ase or legumes,  the fibrous mass ingested is not large enough to 
inhibit intake , and legumes as a class a.re characterized by optimum 
intakes. 
The applic ation of the methods of Van Soest for the prediction 
of digestibility i s  di scussed by Van Soest (1965c ) .  The equation was 
developed by assuming that the principal factors governing 
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digestibility (DDM) of feeds are the proportion of completely available 
cell contents (S ) and the concentration of lignin (L) in ADF. which 
controls the digestibility of ewe {W). The equation was DDM = 0.985 + 
W(l47. 3 - 78.9 log L) - 12.9. Correlation of estimated digestibility 
with .!!!, .!!!2, digestibility was 0.96. 
In summarizing the development of a comprehensive system of 
feed analysis and its application to forages, Van Soest (1966) stated 
that forage dry matter can be divided into two fractions on the basis 
of nutritional availability. The first fraction corresponds to the 
cellular contents and is composed of lipids, soluble carbohydrates, 
most protein and other water soluble matter. '!his fraction is 
essentially available. but its digestibility appears incomplete because 
of the excretion of fecal noncell wall material. 'lbe second fractia-i 
corresponds to the plant cell wall, the availability or which is con­
trolled by structural features that link cellulose, hemicellulose and 
lignin ·together. 'lhe plant cell wall corresponds to what can be 
nutritionally defined as the total fiber fraction. Van Soest { 1967) 
also mentioned that it is the dual nutritive character of plant dry 
matter which contradicts the use of single factors to ·predict dry 
matter digestibility • 
. The methods of fiber analysis developed by Van Soest and 
co-workers have gained wide acceptance since their introduction. '!he 
procedures overcome the objections of previous methods in that they 
are more accurate entities and the ease · of performing the analyses 
is greatly f acili tat ed. Acid-detergent fiber and lignin are highly 
inversely correlated with nutritive value and can be successful1y 
used to predict the same. Cell wall constituents are -more indicative 
of voluntary intake and therefore when combined with ADF and ADL in 
feeding practice should provide exceptionally good estimates of 
forage nutritive value. 
19 
Although the methods have not been heavily scrutinized. their · 
widespread. use indicates acceptance. Certainly, they are a major 
improvement when compared to crude fiber and lignin analyses procedures 
of the past. 
Chemical Solubility; Methods. 'Ille use of cellulose solubility as 
an estimate or cellulose digestibility was initiated by Dehority and 
Johnson (1961a). '!heir preliminary study .. involved a two-hour extraction 
with JO ml. of cupriethylene diamine (CED) followed by two washings with 
CED and analysis for residual cellulose. Results of this study indicated 
that the percent of forage cellulose dissolved was linear and highly . 
� correlated with the perc ent of cellulose digested in the � vitro 
rumen fermentation. Comparisons or the solubility data with 1n. .!!!2. 
cellulose digestion for 12 grass samples and effective nutritive value 
index of 8 grass samples showed marked linear associations; however. 
attempts to correlate cellulose solubility of alfalfa with 1n, vitro and 
,!!l .!!!2. data were unsuccessful. A subsequent study by Dehori ty and 
Johnson (1961b) showed that the amount of cellulose which could be 
dissolved from timothy samples decreased with advancing maturity of the 
plant. In the early studi�s w1 th CED, a large day to day variation was 
_observed in the percent cellulose dissolved from a particular forage. 
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A study by Dehority and J ohnson (1963 ) was concerned with increasing 
the precision of the method and determining its relationship to 1!l 
vitro and .!!! �  measurements of digestibility. Various steps in the 
procedure were modified, so that a standard method with fairly high 
precision resulted. '!he values obtained by this method were correlated 
,,.., 
with .!!l, vitro cellulose digestion, in � cellulose, dry matter and 
energy digestion, nutritive value index and relative intake. 'nle corre­
lations with all criteria except relative intake were highly 
significant. 
In view of the fact that the CED method was not applicable to 
legumes, the method was modified by Dehority and Johnson (1964). '!he 
insolubility of cellulose of legumes was thought to be due to a masking 
effect by some su.bstanc.e other than ligniri. From preliminary data, it 
was concluded that extraction with 1. 0 N sulphuric acid yielded maximum 
cellulose solubility. The improved CED method gave a correlation of 
0.8J with in vitro cellulose digestion, although the correlation with 
- -
nutritive value index was very low. Since the amount or cellulose 
soluble in CED was not highly correlated with relative intake for 
grasses, legumes or mixed forages, the authors determined the dry 
matter soluble in 2. 0 N sulphuric acid much in the same manner as the 
CED procedure. Correlation of dry matter solubility ( OMS) with 
relative intake resulted in a coefficient of 0.90. When the data from 
all types of forages were combined and correlated against CED and OMS, 
111ethods as well as the product ( CED x DMS) of the two methods, the best 
correlations obtained were as follows : - dry matter digestibility 
( CED x DMS), 0.87 ;  energy digestibility ( CED x DMS), 0.88 ;  NVI (DMS), 
0.8J and relative intake (DMS), 0.78. 
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A study by ·Johnson .!!:, ..!!.• (1964) comparing several 1!l vitro 
methods and solubility procedures indicated that correlation coefficients 
obtained with CED were much less consistent than others, while DMS 
was highly correlated with dry matter digestibility for alfalfa but 
not for the other forages. In vitro cellulose digestibility measure-
___
ments were more highly correlated with l!!. .Y!!2, measurements for grasses, 
while CED, DMS or both were better for alfalfa and mixed forages. '!be 
authors also indicated that between run variability was greatest for 
the i!:!, vitro cellulose digestibility method. Similar results were 
reported by Oh !!. .!!• (1966 ) .  Johnson and Dehority (1968 ) in a 
comparison or the predictive value or several methods found that 
relative intake and nutritive value index were predicted most 
accurately by 1!!, vitro cell'U.ose digestibility x DMS or CED x DMS. Dry 
matter ·and energy digestibility were most accurately predicted by a two 
stage in vitro digestion procedure. - --
The high correlations obtained with the chemical solubility 
methods indicate that they can be of use in estimating· forage quality. 
Al though the correlations obtained are not as high as those obtained 
With Bl vitro rumen fermentation techniques they are highly significant. 
Possibly the greatest advantage of the chemical solubility techniques 
is that they can be employed in any laboratory without the equipment 
and facilities necessary for in vitro fermentation techniques. Also, 
Variability between runs is eliminated or greatly reduced • a factor 
often encountered when using rumen inoculum in ,!!l vitro fermentation 
techniques • 
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.!!l Vitro Cellulose Digestibility. _ Early attempts at developing 
in, vitro systems were largely based on incubating substrates with 
strained rumen fiuid and measuring activity by several criteria. '!he 
publication of the mineral composition or sheep saliva by McDougall 
(1949) provided great impetus to the investigation or .!!l vitro 
techniques. Nearly every .!!! vitro system developed since that time 
uses a mineral mixture based on "McDougalls solution" or on a mixture 
originally based on it and later modified. 
A considerable portion or the early development of the ,!!l vitro 
system involved the determination or nutrient requirements, inocu1um 
source, length of fermentation and the effects of numerous other factors 
known to affect digestibility. Studies by Burroughs .!!:, .!!.• (1950a), 
Burroughs . et al. (1950b), Arias et al. (1951), Burroughs et al. (1951), - - - - - -
Bentley _!1 .!!• (1954) • Cheng .!1 !!• (1955 ) ,  Huthanen and Elliot (1956 ) 
and MacLeod and Murray (1956 ) were all concerned with the effect or 
various minerals, vitamins and other nutrients on the digestibility of 
cellulose .!!l vitro. 'Ibese studies indicated that numerous minerals and 
Vitamins were stimulatory to 1!!, vitro cellulose digestibility (IVCD) 
and also that some elements were inhibitory. It was also through these 
initial studies that it was shown that whole rumen fluid, in which feed 
particles had been removed, provided most of these nutrients and 
eliminated the need for providing them in the media. ·rn addition, 
whole rumen fluid provided undetermined factors which enhanced 
microbial activity. 
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The source of rumen inoculum and the method of its preparation 
prior to use have been investigated by Johnson _!l .!!.• (1958), LeFevre 
and Kamstra (1960), Church and Peterson (1960 ), Donefer � .!!.• (1960), 
Shelton and Reid (1960), Donefer � !l• (1961), Bowden and Church 
(1962a) and Wallace .!!:_ .!!.• (1965). The results of these studies 
showed that rumen fiuid obtained from cattle and sheep maintained on 
the same ration did not significantly affect IVCD. In addition, it was 
shown that the ration fed the donor animal may affect the level of 
activity of the rumen inoculum although this variation was not 
significant with the exception of poor quality prairie hay (Bezeau, 
1965 ) • 
. The methods of preparation of rumen inoculum· include strained 
rum.en fiuid, phosphate buffer extracts . rumen fiuid from pressed pulp 
of ingesta and resuspended microorganisms. These methods of preparation 
have been studied by Johnson � !!• (1958), Donefer ,ll !!.• (1960), 
Donefer et al. (1962) and Wallace et al. (1965). Generally methods --- - - --
which involve buffer extracts or resuspended microorganisms yield an 
inoculum of lower cellulolytic activity and consequently IVCD values 
are decreased when compared to strained rumen fluid. Th"is is attrib-
uted to a removal of essential nutrients present in the rumen fluid 
and a failure to provide these in the fermentation media. Johnson 
!1 ·.!1• (1958) also showed that aeration decreased activity steadily, a 
process which may occur unintentionally during the preparation of 
resuspended inoculum. Shelton and Reid (1960 ) in their discussion of 
i!!, vitro methods indicate that there is little evidence to suggest 
that ·.!!!, .Y!.!2-in vitro relationships are improved by the use of washed 
cell suspensions. 
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It would appear that the most important factor relative to 
rumen inoculum is that the c �inor animal should be maintained on the 
same ration for all 1-!!, vitro samples to be compared with one another. 
Al.so, if possible, the animal should be maintained on a ration similar 
to or closely related to the material being investigated. 
'lb.e length or .m, vitro fermentation periods was studied exten­
sively during the early development or the IVCD procedure. The study 
or LeFevre and Kamstra (1960) showed that a 24 hr. IVCD value under­
estimated in vivo digestibility while a 48 hr. fermentation most nearly - -
simulated the .!!:!_ � data. Studies by Reid ,tl .!!• (1960), Barnes 
,!! .!!.• (1964) and ·Baumgardt- and Oh (1964) indicated that correlations 
between IVCD and i!!, � criteria are highest when 24 or 48 hr. 
fermentations are used. 'nlese workers also indicated that variability 
between duplicate samp�es and individual - runs decreased as the length 
of fermentation period increased. 
Relatively short-term fermentations have been used by Donefer 
,!! .!1_. (1962) and Karn !ll:_ al. (1967) for the prediction of nutritive 
value index and cellulose and dry matter digestibility, respectively. 
The results of these studies indicate that short-term rate studies may 
b, more useful in predicting relative intake and nutritive value index 
than longer fermentation periods. 
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In addition to the above mentioned variations and modification 
of techniques, another important change in the IVCD procedure is the 
reduction in the size of sample which has taken place throughout the 
years. In the early stages or development samples as large as 20 gm. 
were used. 'lhis was gradually reduced because or the limited number 
of samples which could be included in one fermentation. Along with the 
decrease in sample size was the use of smaller fermentation vessels. 
Presently the 100 ml. test tube is the most common vessel in use. 
'!he use or carbon dioxide to maintain anaerobiosis in the 
fermentation vessel is discussed by Johnson (1966) in his review of 
.!!l vitro procedures. In early methods this was accomplished by 
continuous gassing with carbon dioxide by the use of a tube extending 
near the bottom or the fermentation vessel. More recently the use of a 
Bunsen valve has gained wide acceptance. '!his is usually no more than 
a rubber policeman placed over an outlet tube. A small· slit is made to 
allow gas to escape but prevent air from entering. This system depends 
on microbial metabolic production or CO2 during the fermentation 
period. 'lhe use or the Bunsen valve al.so facilitated the inclusion of 
a. �arge number or samples within a fermentation run since the need for 
tubing directly to each vessel was eliminated. 
'!he .!!! vitro cellulose digestibility procedure has been widely 
accepted for evaluation of small quantities or forage and for the study 
of factors which innuence cellulose digestibility. Studies by 
Salsbury ,tl .!1.• ( 1955 ) and Baker !?1 al. (1959 ) on the _ rates of 
digestion of different celluloses indicated that al  types of cellulose 
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are not digested at the same rate. The data showed that wood c ellulose 
and cotton linters were rapidly attacked for a short period of time 
immediately after incubation but thi s decreased sharply after 8 hr. 
It was also shown that forage c ellulose gave a smooth curve showing a 
uniform decrease  in rate of digestibility. Kamstra and Thurston (1961) 
used IVCD to determine the digestibility of holocellulose, cellulose 
within holocellulose and intact plant s amples. They folmd that the 
holocellulose was more digestible than either of the . other fractions.  
The IVCD procedure has al.so proven to be an invaluable aid in 
studying the effects of lignific ation on cellulose utilization. The 
study of Kamstra � &• {1958) showed that when the whole plant was 
digested IVCD values were lower than for samples isolated from the 
plant either as a holocellulose or as c ellulose. They suggested that 
lignin functioned as an encrusting agent preventing digestive juices  
from acting on the cellulose. Dehority � .!!.• (1962 ) studied the 
eff.ect of lignification on the IVCD of hemicellulose and pectin . It 
was found that the rate of IVCD for both hemicellulose and pectin 
decreased with advancing maturity. When the samples were sub jected to 
ball milling and then analyz ed, digestibility was increased with the 
increase being largest for the mo st mature forages, again suggesting 
an encrustation of lignin. These data are in agreement with that of 
Dehority and Johnson ( 1961b ) .  Tomlin 21 _&. (1965 ) found that lignin 
content was negatively correlated with IVCD at the 12 hr. period for 
grasses and legumes ,  although the regression equation s for the two 
groups were signific antly different . Lignification was linearly 
related to IVCD as the grasses matured ; however, this relationship 
did not exist for alfalfa. · 
27 
Numerous investigations have been made concerning the corre­
lation of IVCD values with 1!l .!!!2 criteria and the predictive value of 
IVCD. Baumgardt et al. (1958) and Hershberger et al. (1959) obtained - - - �  
correlations of 0.90 and 0.97, respectively, between IVCD and Bl .!!!2_ 
digestible cellulose values. These workers also found IVCD to be 
significantly correlated with in .!!!2 energy digestibility. 'lhe values 
were 0.80 and 0.92, respectively. 'lhese correlations are comparable to 
those reported by· other workers. Further work by Baumgardt et .!!.• 
(1962a, 1962b) showed that IVCD was also significantly correlated with 
total digestible nutrients and digestion coefficients for dry matter, 
organic matter and energy. 'Ihese studies indicated that a 24 hr. 
fermentation period for IVCD gave a higher correlation with digestible 
energy than a 48 hr. fermentation. 
Studies by Johnson .!!: &• (1962) and Chalupa and Lee (1962) 
involving the use of IVCD to predict nutritive value or . .  forages 
indicated that a 12 or 18 hr. fermentation period compared most closely 
W.ith the nutritive value index, especially when alfalfa was included. 
When longer fermentation periods were considered, the correlations with 
,m !1.Y!?. measurements were quite high for grasses alone but much lower 
when alfalfa data were included in the analyses. 
The utilization of IVCD as a predictor of forage value has been 
a - valuable asset in the development of more comprehen�ive knowledge 
concerning forage quality and utilization. However, the limitation of 
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the method may be that only one component of the forage is being 
evaluated even though numerou·s other factors may affect the utilization 
of this component� 
.!!!. Vitro Dry Matter Digestibility. As the IVCD technique was 
refined and sample size was being reduced to one-half gram, difficulties 
arose when the residual. matter was analyzed for cellulose. 'Ihe residues 
were quite small and repeatability was low. In addition, it was also 
shown that only one component was being estimated and this did not 
appear to give acceptable results when legumes were considered. A 
study by Tilley !1 .!!• (1960) showed that there was close agreement 
between in vitro and in vivo dry matter digestibility with feeds of - ------- - -
relatively low (below 6°-') digestibility and of low protein content. 
Feeds with higher digestibilities and higher protein content had 1!!_ 
vitro digestibili�ies as much as 1� lower than corresponding ,!!! .!!!!?.  
figures. 'Ihese authors suggested that although most of the digestion 
of ruminants takes place in the rumen of the animal, further digestion, 
especially of protein, occurs lower down the digestive tract. This 
digestion is not simulated with � vitro rumen liquor _digestion. It vas 
on this basis that these workers proposed a secondary digestion with 
prot�olytic enzyme "pepsin. " As a result, the use of the pepsin stage 
reduced the standard error of the estimate and also altered the slope 
of the regression line. The pepsin digestion increased all values 
closer to those obtained � .!!.!2. with the largest increases occurring 
With those samples having the highest - crude protein content. It should 
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also be mentioned that ,!!!. vitro dry matter digestibility ( IVDMD )  pro­
c edures eliminate the need. for cellulose analysis of the sample and 
residue. '!his is a major r actor for the increasing use of IVDMD since 
as many as JOO samples are digested simultaneously. 
In a more complete description of their two stage IVDMD procedure 
Tilley and Terry (1963 ) mentioned that some variation in digestive 
eftici ency between experiments seems to be unavoidable and wherever 
possible similar forages should be com.pared within the same experiment. 
'lbeir study also indicated that it is essential to maintain anaerobic 
conditions throughout the first stage of the experiment with thorough 
gassing of the solutions and tubes with carbon dioxide and attention 
to th,e condition of the gas release valves being most important. The 
effect of drying temperature and grinding on IVDMD was also investi­
gated. 1hese woi-kers concluded that drying for one or two days at 
1000 C.  was safe and that samples need only be ground fine enough to 
insure good sampling of the smal.l weights of forage used. '!he results 
or this study with i48 forages of known � !1!2. digestibility showed 
that the correlation between IVDMD values and .!!!. !1!2. dry matter 
digestibility was high. 
Barnes (1966) in a study designed to evaluate the worth of 
various solubility and .i!:!, vitro rumen fermentation procedures for 
estimating in_ !1!2., dry matter digestibility found that a 48 hr. 
fermentation followed by a 24 hr . pepsin digestion gave the highest 
relationship with in vivo dry matter digestibility (r = 0.97 ) .  The 
' 
. - -----
technique was believed adequate for the simultaneous evaluation of 
both grasses and legumes. 
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The IVDMD procedure has also been used extensively in the 
evaluation of plant fractions by Pritchard il &• (1963 ) and Mowat 
tl .!1.� (1965b, 1965c ).  In studies of this nature where sample material 
is limited to several grams, IVDMD has a definite advantage in that less 
material is required for the analysis in comparison to IVCD. A 
procedure of Clark and Mott (1960) utilizing a type of dialysis bag 
for 1!!. vitro dry matter digestibility yielded values significantly 
correlated with i!l .Yi.Y.2.  data. A study by Bowden and Church (1962b) 
also indicated that correlations between IVDMD and in_ .!!.!2  digesti­
bility were highly significant. Both of the above mentioned procedures 
did not utilize a pepsin digestion. The relationship between IVDMD and 
.!!l .YiY.2, DMD as studied by 0 '  Shea and Wilson (1965 ) and Wilkins (1966) 
revealed highly significant· correlations between the two methods. 
The comparison of several laboratory techniques for predicting 
!!l .!!.Y2 DMD by Oh .21 &• (1966 ) and J ohnson and Dehority (1968) showed 
that i!l .Y1Y.2, DMD was most accurately predicted by the two stage IVDMD 
t�chnique. Oh il &• (1966 ) suggested the possibility or using one 
method and a single regression equation for all species. The equation 
developed was y = 16. 7  + o. 74x , where y is equal to estimated in. .YiY.2, 
DMD and x is IVDMD. The application of bomb calorimetry to undigested 
residues to obtain in. vitro digestible energy values did not improve 
the in vitro-in vivo correlations. - -- - -
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It should be pointed out that the IVDMD method is not a 
standardized method used by many laboratories ,  although it would appear 
so from. the literature . As is often the case , experiments are reported. 
as using the procedure of Tilley and Terry (1963 ) ; however, min�r 
changes may have been made in the procedure which may affec t the results 
obtained. It is the author ' s  opinion that any modific ation of' the 
procedure should be clarified to facilitate comparison of data among 
laboratories .  '!h e  report o f  a collaborative in vitro rumen fermenta­
tion study by Barnes (1967) showed that the mean .!!'!, vitro digestibility 
for common forages by indi vi.dual laboratories after a 24 hr. fermenta­
tion period ranged from 40. 0  to 63.9� for cellulose and 38.? to 53 .3i 
for dry matter. 'lbe study also indicated that variability among 
laboratories was greater than among runs within laboratories which was 
greater than between duplicate determinations within runs. '!be 
precision of the .!!!. vitro methods did not differ greatly among 
laboratories , except for individual cases ,  and the precision of the 
techniques . was greatest at the longer fermentation periods .  
'!h e  variability present with .i!l vitro techniques and also with 
in .!!!2.  criteria as mentioned previously point out that the prediction 
equations developed by one laboratory should not be used by another 
laboratory, even though identical procedures may have been used . 
Tilley and Terry (1963 ) pointed out that 1n, ::1!2, digestibility 
is not a constant charac teri stic of a forage and this ,  in itself, 
s.ets a limit to the accuracy with which � ::1!2, diges_tibility c an be 
predicted from any analysis of forage. They also mentioned that for 
)2 
'this reason it would seem preferable to report .!n_ vitro digestibilities , 
determined under specified conditions , rather than to attempt to predict 
in. .!!Y2, digestibility. 
The .!!!, vitro techniques have proven extremely useful in the 
study of plant fractions where only small samples are available. .Also ,  
the use of' these techniques by plant breeders in the. selection of 
desirable genetic material early in the propagation process could be  
of  great benefit. The screening of a large number of samples i s  
possible with a minimum amount o r  time required. Although the ,m vitro 
methods provide relative information as to forage quality, they should 
not be used as the ultimate criteria since they do not measure animal 
acceptability. This factor must be considered since forage quality 
depends upon the rate ·at which it is consumed and its energy value 
per unit or weight. 
Effects 2f. Advancing Maturity 2!!. Important Components . .!!!i Digestibility 
2! Intact Plants 
Changes in the relative amounts or fiber • protein and lignin in 
plants associated with. advancing maturity and the effects of these 
changes on digestibility of plants are or particular interest to the 
plan� breeder. Varieties of forage or breeding material may be similar 
in composition and digestibility when harvested at the recommended stage 
of growth . However, the rate of maturation may not be similar c ausing 
some varieties to be less desirable than others when harvested · at a date 
later than recoD'lDlended. A knowledge of the rate of maturation would be 
useful to the plant breeder in selecting plants which remain high in 
digestibility at advanced stages of maturity. Changes in fibrous 
components, protein and cellulose and dry matter digestibility are 
discussed. 
JJ 
Although the proximate analysis system of feedsturr classifi­
cation had been in use for some 40 years, the development of a cellulose 
and lignin analysis procedure by Crampton and Maynard (1938 ) greatly 
facilitated the investigation or the effects of advancing maturity 
on c0111ponents or forage plants. Early studies by Patton and Gieseker 
(1942) and Patton (1943 ) using the procedure of Crampton and Maynard 
showed that lignin content increased with advancing maturity or six 
Montana grasses and that the lignin content closely paralleled cellulose 
content. These workers indicated that considerable species variation 
existed, with grasses in the more arid region reaching their maxi.mum 
lignin values eariier in th·e season. An interesting study by Pigden 
(l95J )  ·showed that in native grasses lignification was confined to the 
vascular bundles while introduced species exhibited lignification in 
the surrounding tissue . as well. '!he lignin in this case was the most 
�portant factor contributing to the "curing" property of native 
grasse8. 'lbe position and extent of lignified tissues appeared to be 
more important than the quantity present. Studies by Phillips � .!!.• 
(1954) , Kivimae (1960 ), Lloyd et &• (1961 ) and Gaillard (1962) all 
showed that during maturation the percentage crude fiber, cellulose, 
and lignin in forage plants increased. '!he study of Lloyd ,tl al.. (1961) 
showed that crude fiber and cellulose content of plants sampled from 
-
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the early bloom to past bloom stage increased with later maturity but 
were not of great magnitude. In contrast, lignin content doubled even 
though the increase in lignin was slower after the seed began to form. 
Phillips ,!i .!!• (1954) and Ki vimae (1960) both indicated that lignin 
was preferred over crude fiber as an indicator of forage digestibility. 
Denium (1966) reported that in addition to advancing maturity 
such climatological factors as light intensity, temperature and water 
supply during the growth period considerably infiuence the chemical 
composition of forage plants. lhese findings were similar to those 
reported by Bowman and Law (1964). These studies indicate that the 
chemical composition may largely be determined by the climate in which 
the plant is grown. 
More recent studies of maturity effects on fibrous components as 
analyzed by the methods or Van Soest (1963a) have been reported by 
Ingalls et al. (1965) and Ademosum et al. (1968). Although the fiber - ---- - -
values reported as acid-detergent fiber are higher than those for 
cellulose and crude fiber, they follow the same trends, increasing with 
advancing maturity. '!be study of Ingalls !1 al. (1965 ) showed that 
f�ber content ranged from 27 to 40,,, with grasses generally containing 
less faber than legumes, when considering forages of the same year and 
cutting. The work of Ademosum _tl .!!• (1968) involved a sorghum­
sudangrass hybrid, a forage on which data relative to nutritive value 
was rather limited. It was found that acid-detergent fiber and cellulose 
increased sharply after the stage of JO to 40% head emergence, while 
lignin content increased steadily up to this time and then leveled off. 
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these workers also found that lignification of the fiber (L/F) and 
cell wall (L/W) followed ma.turi ty more closely than did the simple 
concentrations of fiber and cell wall constituents. The cell wall 
constituents fraction includes hemicellulose, cellulose, and lignin 
(Van Soest and Wine, 1967). This component also increases with 
advancing maturity and generally represents 50 to 70'1, of the plant dry 
matter. 
In summarizing the effects of advancing matur_ity on the fibrous 
components of forage plants, it can be stated that they all increase 
as maturity proceeds. However, cellulose sometimes decreases slightly 
during later stages of maturity.- The rate of increase is gradual until 
heading at which time it increases rapidly and then tends to level off 
somewhat. The rate of fiber and lignin formation may also vary between 
species of forage as well as between varieties within a species, 
although these differences · are usually smaller. 
Protein content of grasses and legumes is also decreased with 
advancing maturity, this effect may have greater significance than 
the increase in fibrous components since protein is the most costly 
item which is supplemented in livestock rations. Numerous studies have 
shown that crude protein content of grasses decreases with maturity. A 
few of these studies include Phillips _!1 .!1.• (1954), Lloyd !!:. &• (1961) 
and Colovos _tl &• (1961). Al1 of these studies indicated that protein 
content of forages is highest during the vegetative stage of growth 
and gradually decreases throughout the season. Work by Fulkerson 
!1 &_. (1967) showed that crude protein yield in grasses was highest 
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at the heads emerged stage. 'Ille failure of grasses to show any 
increase in protein after heading is presumably due to their 
determinate habit of growth. At that stage they are producing few new 
cells ; however, new cellulose and other carbohydrates are being laid 
down as cells elongate. 'llleir work also indicated that the rate of 
depression was more pronounced with the grasses than with alfalfa, 
especially during the early growth stages. '!he results of a study 
·reported by Colovos .!1 .!1.• (1961) showed that early-cut bromegrass hay 
grown under 225 kg. nitrogen fertilization per hectare was equal to 
legume hay as a protein source. '!be results further showed that while 
late-cut bromegrass hay increased the yield of dry matter per hectare 
and consequently the digestible energy by about 10%, the digestible 
protein content decreased by more than JO%. 'Work by Blaser (1964) 
also showed that nitrogen fertilization increased the protein content 
or grasses and that digestibility remained higher at later stages or 
maturity. · A study by Kivimae (1966 ) showed that the yield of 
digestible protein per hectare was at a maximum before heading and 
decreased rapidly in late stages of maturity. In addition, it was 
shown that crude protein decreased linearly at the rate or 0.27 
percentage units per day • .Additional studies by Heaney !!_ &• (1966 ) 
with timothy, Brown � &• (1968) with orchardgrass and timothy and 
• Ademosum _!l .!!_. (1968 ) with a sorghum.-sudangrass hybrid all showed 
that as plants mature the crude protein content is decreased. The 
study of Fulkerson !1 al. (1967 ) showed that cutting at the head 
emergence stage resulted in the harvest of only 7CJ%, of the possible 
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dry matter yield but 82% of the .!!:!_ vitro digestible dry matter and 94% 
of the crude protein. This clearly emphasizes the need of early 
harvest to obtain high yields of quality forage. 
The changes which occur in the components of plants markedly 
affect the digestibility of the intact plant. In most all cases the 
increase in fibrous components and lignin and the decrease in protein 
content causes lowered digestibility. Sullivan (1955) in studying 
true cellulose and natural cellulose found that as season advanced 
cellulose content increased and its digestibility decreased. 'Ibis 
observation was supported by the study of' Kamstra _tl .!!.• (1958 )  who 
found that stage of maturity at harvest had a marked effect on the 
IVCD of' orchardgrass, alfa1fa and timothy. It was also shown that the 
effect of maturity diminished greatly when the cellulose was isolated 
from. the plant either as holocellulose or cellulose. 
Further studies of maturity effects on cellulose digestibility 
have been conducted by Lloyd !!:. &• (1961 ) and Tomlin !i .!!.• (1965 ). 
These studies also showed that cellulose digestibility is decreased 
by advancing maturity. 1he study of Tomlin .tl_ .!!.• (1965) indicated 
that lignif'ication was linearly related to cellulose digestion ; 
howevar, this relationship did not exist for alfalfa. 
Cellulose digestibility usually does not decrease rapidly 
until the heads emerge from the boot of grasses or about mid-bloom 
in legumes. After this period digestibility drops rapidly until seed 
development at which time it levels off. 
Dry matter content or forages increases with advancing maturity 
while the digestibility of dry matter decreases. Digestibility of dry 
matter is probably the most often used criteria in assessing forage 
quality. It has the advantage or including all of the nutrients 
present in the forage rather than a single component such as cellulose 
or crude fiber. Organic matter and energy digestibility are also used 
and will be included in the review of maturity effects on digestibility. 
Studies by Minson � .!!• (1960a, 1960b) showed that digesti­
bility remained at a high and relatively constant level until the time 
when the heads began to emerge. '!be grasses used in these studies 
were SJ7 cocksfoot (orchardgrass), S23 ryegrass and S24 ryegrass. From 
the time of heading digestibility declined about one halt unit per day. 
Although S37 cocksfoot and S24' ryegrass were or similar maturity, S37 
had a consistently lower digestibility than S24. This pattern of 
digestibility was followed · ror both years of the study. 'lbese workers 
pointed out that it is only when stems and nowering heads are allowed 
to mature that they lead to a marked depression in digestibility. Due 
to the rapid fal.1 in digestibility of forages after flowering, yield of 
digestible dry matter per hectare rises much more slowly than does 
yield of total dry matter. Murdock _!i .!!• (1961) using orchardgrass 
fed fresh to yearling heifers obtained results similar to the above 
workers. Digestibility decreased from 76% for vegetative samples to 
55% for samples obtained when plants were in full bloom, a decrease of 
271,. 
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Kivlmae (1966) found that timothy produced optimum dry matter 
yields between early fiowering and full flowering, while the highest 
yield of' energy was harvested at early fiowering. Organic matter 
digestibility decreased at the rate of one half' unit per day, a value 
similar to that obtained by Minson !1 !!• (1960b) for cocksf'oot and 
ryegrass. An additional study utilizing timothy was made by Heaney 
.!! ·.!!.• (1966). Four varieties were used to determine the energy 
availability at progressive stages or maturity. Energy digestibility 
decreased from about ?of, at the prehead stage to 50'% at the full bloom 
stage or slightly beyond. Digestible dry matter yields tor all varie� 
ties were at a maximum at early . heading. For two or the varieties 
studied increases in dry matter yield after heading failed to offset 
decreases in digestibility, resulting in lower digestible dry matter 
yields. For a third variety• the gains in dry matter yield after head­
ing approximately balance<i ' losses due to the decrease in digestibility, 
and digestible dry matter yield remained relatively constant at advanced 
growth stages. The authors pointed out that the rate of decline in 
digestibility of these grasses was not merely a function of' time but was 
�ftectecl by year to year nuctuations in growing conditions. A dry 
period in 1962 increased the time required to reach full bloom, 
whereas in 1963 more regular rainfall resulted in more rapid growth 
and earlier maturity. These differences were refiected by a more 
gradual decline in digestibility in 1962. Brown !.! al. (1968) also 
found that growing conditions affect digestibility sinc e orchardgrass 
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and timothy harvested on comparable dates were more digestible in 1963 
than the follo�g year. 
A comprehensive study of bromegrasses by Wright !!:_ &• (1967 ) 
showed a sharp decline in digestibility values with advancing maturity 
in the first crop and small changes in the aftermath. 'lbeir study also 
indicated that dry matter production per hectare increased over all 
growth stages, whereas digestible dry matter per hectare did not 
increase after early bloom. 
Considerable interest has been shown in recent years in varietal 
differences within species as to maturity, digestibility and nutritive 
value. Mowat � .!!.• (196.5b) using timothy, orchard.grass, bromegrass 
and alfalfa with two varieties or each representing a range in maturity 
or plant type found that 1!!, vitro dry matter digestibility remained 
essentially constant in early spring and then decreased rapidly. 
. . 
Orchardgrass had the lowest digestibility on a given date but the 
highest digestibility or any species when compared at the heading 
stage. Data obtained by Dent and Aldrich (1966) showed that cutting 
when 50,, or the heads. had emerged resulted in a tendency for early 
heading varieties to show a higher digestibility than later heading 
ones. '!bis may be due to the fact that tissues of later .;varieties are 
more mature at a corresponding growth stage than those of early 
varieties. 
Christie and Mowat (1968 ) in studying the variability of Bl 
vitro digestibility of bromegrass and orchardgrass clones also found 
later maturing plants to be less digestible than early maturing plants 
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when harvested at the s ame stage of maturity. 'Ibey pointed out that it 
may be more difficult to develop a late-maturing variety as high in 
digestibility as an early-maturing one when both are to be harvested at 
the same stage or maturity. A. study or climatological factors by 
Denium !1 .!!• ( 1968 ) may explain the above effects of later maturity. 
'Ihese workers calculated from their results that the approximately ten 
uni ts lower digestibility of l ate-maturing plants compared to early­
maturing plants is c aused by both increased temperature and stem 
formation. They also stated that vegetative grass in mid-summer will 
have an approximately seven units lower digestibility than in early 
spring due to the higher temperatures. 
In summarizing the effects or advancing plant maturity, it can 
be stated that the fibrous components and lignin increase rapidly as 
heading and fiowering occur and then tend to level oft. Protein 
content is highest in the ·early vegetative stages or growth and 
decreases more gradually throughout the season. Digestibility or the 
various components remains relatively stable during vegetative growth 
stages with a marked depression occurring at heading and fiowering 
-followed by a leveling orr. It is also apparent that management 
systems recommended to produce high quality forage may involve the 
acceptance or reduced dry matter yields. It is  evident that one must 
compromise between quality and quantity. 
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Effects of Advancing Maturity .2!2_ Important Components .!:!!!. Digestibility 
2f. Plant Fractions 
Attempts to predict forage nutritive value have also includ� 
separation of the plant into various fractions with the hope that 
chemical composition and/or digestibility of one fraction might be a 
better indicator of quality than the whole plant. Some of these 
studies have included the leaf sheath as a portion of the lea£ while 
others have included it with the stem. The latter appears more 
appropriate although separate analysis of the sheath would be preferred. 
Data pertaining to the changes in components of plant parts w:i th 
advancing maturity are rather limited when compared to the data 
available on in vitro digestibility or these fractions. 
. - --
The percentage or  the plant dry matter composed or lea£ tissue 
has probably had more attention than any other .fraction since leafiness 
has long been a$sociated with high quality. Pigden and Heinrichs 
(1957) separated clonal lines of intermediate wheatgrass into leaf and 
stem {including sheath) fractions. .Analysis of variance established 
significant differences in percent lignin between years. Plants con­
tained the most lignin in the driest years. It was also sho"Wn that the 
clonal line with the finest stems had the lowest lignin content ; 
howev�r, the percentage leaf had a greater effect on lignin content 
than any other factor studied. Reid et al. (1959) found that the 
relationship between leaf content and dry matter digestibility_ for 
first growth forage was different from that for aftermaths. Af'termath 
forages ·ranging in leaf content from 55 to 92% were not much different 
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in dry matter digestibility, while leaf content and dry matter digesti­
bility of first growth forage were highly correlated ( 0 .95). In this 
study the leaf' included the blade and sheath. 
Comparisons of the lignin content of plant parts of branegrass, 
intermediate and crested wheatgrass by Sosluski .!i .!!_. (1960) indicated 
that at heading and flowering stems were higher in lignin than leaves 
and heads were higher than stems. '!he results indicated that, at 
early growth stages, prior to heading strain differences tend to be 
small and inconsistent, while from heading to flowering these differ­
ences may become more evident. It was concluded that these strain 
differences at later growth stages were due to differences in propor­
tion of leaves, stems and heads and their relative lignin content. 
Intermediate wheatgrass st�ains were more rapidly lignified during the 
early growth period but showed little or no increase after heading. 
Jarrige .(1960 ) showed that stems contained a much greater 
proportion of membranes than the leaves, particularly in legumes. '!he 
leaves consisted primarily of parenchyma with thin membranes while 
stems were composed almost entirely or supporting and connective 
· tissue. It was also found that the proportion of membranes in the 
stem rose rapidly with age, particularly with alfalfa and red clover. 
It remained practically constant in the leaves of legumes but increased 
in the stems and sheaths of grasses. 
Pritchard .tl, al. (1963) used a number of speci�s to st�dy the 
1!'!, vitro digestibility of whole grasses and their parts at progressive 
stages ·or maturity. The in, vitro digestibility for leaves. he�ds and 
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stem segments (including sheath) decreased with advancing maturity. 
The digestibility of the heads was at least as high as that of the 
leaves in the early part of the season but decreased to a greater 
extent as maturity advanced. Stems from the first cuttings of timothy 
and bromegrass had higher in vitro digestibility values than the leaves, - --
but as season progressed, the digestibility of the stem decreased 
faster than leaf digestibility so that they were lower by the last 
cutting. These qualitative changes, together with the increasing 
proportion or stem to whole plant as maturity progresses, indicate 
that alterations in the stems of grasses exert the major infiuence 
upon differences in digestibility of the whole plant. Work by Terry 
and Tilley (1964) confirms the above statement. In their work it was 
shown that digestibility fell only slightly before head emergence. 
'lhese patterns could be explained by the changes in the proportions 
or leaf blade, .leaf sheath and stem as the plants matured, together 
with the rates of decline in the digestibility of the fractions. Leaf 
blade, the major traction prior to head emergence, declined most slowly 
(0. 2% per day) and stem, which predominated after head emergence, 
. declined most rapidly (0.8� per day). In this study percentage of 
leaf was not an indication of the relative digestibility or timothy. 
Work by Bro'W?l ,!,i &• (1968 ) with timothy and orchardgrass is in 
disagreement with the above statement. They found a very high corre­
lation between leaf percentage and digestibility. The discrepancy 
between these studies may be explained by the fact that the study of 
Brown .2i .!!.• (1968 ) included samples harvested only in early spring, 
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leaf was not an indication of the relative digestibility or timothy. 
Work by Brown ll !!.• (1968) with timothy and orchardgrass is in 
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lation between leaf percentage and digestibility. The discrepancy 
between these studies may be explained by the fact that the study of 
Brown .tl !!• (1968) included samples harvested only in early spring, 
while the study or Terry and Tilley encompassed a wider range in 
maturity. 
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Comprehensive studies of plant fractions or timothy, orchard­
grass ,  bromegrass and alfalfa have been made by Mowat .tl, .!!!• (196.5b , 
1965c ) .  Cuttings were made at weekly intervals for 12 weeks and plants 
were separated into leaf and stem fractions with about two-thirds of 
the leaf sheaths of grasses remaining with the stem. At early growth 
stages the digestibility or the stems of grasses was higher than that 
or leaves. However, the rate or decline or digestibility of the stems 
was greater , similar to the finding or Pritchard 21 .!!.• (1963 ) .  The 
� vitro digestibility of the leaves and stems of all grasses was 
somewhat similar at head emergence.  The se workers concluded that 
providing these grasses are cut at an early stage little or no 
progress could be made in improving their digestibility by selection 
for leafiness per §..2.• However, if grasses are not harvested rmtil 
later , there appears to be ample scope for improvement. Mowat tl lfh• 
(1965c ) also showed that crude protein in both leaf and stem fractions 
decreased with advancing maturity. The decline was gre atest during 
· early growth stages and tended to gradually level off later. The 
leaves of grasses contained about twice as much protein as the stems , 
while .nearly three times as much protein was present in the l eaves of 
al.f alfa as in the stems. 
Another study by Mowat et &• (1965a)  in which reproductive 
shoots were separated into leaves 100% living, leaves 100% dead ,  leaves _ 
partially living , heads and stems ( including leaf sheaths )  •Showed that 
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digestibili ty of al l fractions  decreas ed wi th advancing maturity. The 
decline in leaf digestibi lity was greater for those leaves dead or 
partial ly dead , a finding in agreemen t wi th Burton .21 al .  ( 1964 )  • . Dead 
I 
leaves were low in diges tibility even at the early cutting date;, never-· 
i 
theless ,  in more mature p lan ts dead leaves were higher in diges tibility  
than heads or s tems . These workers as well as Pritchard et !!..• (1963 ) 
indicate that selection for leafiness when forages are harvested early 
i s  of li tt le benefit ; however, the diges tible energy con ten t of a 
mature p lant shou ld be increased by such selection or by selection for 
a more diges tible stem since the stem may comprise 40 to 50,t of the 
tota l p lant dry ma tter at  later stages of maturity. 
Severa l s tudies have been conducJ,ed to determi ne the effects of 
day length and temperature on the development of grasses .  A s tudy by 
Bowman and Law ( 1964)  indicated that leaf percen tage was highes t in 
plants grown at 29° c. and the highes t percen t leaf was produc ed during 
a 14 hr. day. Ryle (1966 ) found that the mos t marked effect of day 
l ength  was on leaf length. Significan t increases in lamina length in 
long days were obtained in a ll experiments , irrespective of s pecies.  
· Examinat ion of the lower epidermis of these leaves i ndicated that the 
longer leaves had more cells and longer cells than leaves produced in 
short days .  
In the studies of Mowat tl &• (1965c ) diges tibil i ties of 
Saratoga an d  Canada bromegrass were simil ar although the Saratoga 
variety had a much coarser, wi der stem. A study conducted by Mowat 
et al • . ( 1967 ) to determine the effect of stem d j ameter of  al falfa and - -
47 
bromegrass on the i!l vitro dry matter digestibility showed that stem 
diameter varied greatly with the largest differences occurring between 
cuts. Stems from first cut alfalfa were 46i wider than those of second 
cut alfalfa and the 20 wide-stemmed samples or bromegrass were 4z/, 
wider than the 20 narrow-stemmed samples. Stem diameter had little 
effect on either i!l vitro digestibility or chemical composition with 
both alfalfa and several bromegrass entries. 
Generally the changes of components of plant fractions with 
advancing maturity are similar to those or the intact plant. That is 
fibrous components and lignin increase while digestibility and protein 
content decrease. Leaves are generally lowest in fiber content and 
highest in digestibility and protein c�tent. Stems , on the other 
hand. are highest in fiber and lignin content and lowest in crude 
protein and digestibility. 1he leaf sheath and seedhead are usually 
intermediate. although the leaf sheath resembles the stem more closely 
in composition and digestibility. A.s pointed out. when forages are 
harvested at early stages or maturity, leafiness is not critic al since 
stems remain relatively highly digestible until the early heading 
· stage. It may well be that the plant breeder could make more 
progress by selecting for stems of high digestibility since they 
compose the largest percentage of plant dry matter after heading. 
EXPERIMENTAL PROCEDURES 
Grass Species !!!S! Varieties Studied 
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The grasses studied included Manchar and Sac bromegrass, Greenar 
and. Oahe intermediate wheatgrass and Siberian and Nordan crested wheat.­
grass. Since varieties within a species differed very little in 
morphological characteristics, the following discussion is limited to 
general species characteristics. 
Smooth bromegrass is a cool-season, perennial., sod forming grass. 
It has maintained itself in established stands in eastern and central 
South Dakota for 50 to 60 years in certain recorded cases, although it 
tends to become "sod-bound" and low producing unless fertilized or 
'• 
renovated. Its drought resistance and ability to withstand extremes 
in climatic conditions are well established. Under dry summer conditions 
it becomes dormant but re.sumes growth when moisture and temperature 
become more favorable in the autumn. Smooth bromegrass - is a high 
yielding forage grass adapted to all soil types but makes its best 
growth on fertile sandy loam or silt loam soils with plenty of 
moisture. It is highly palatable both when grazed or used for hay. 
Digestibility and forage production are high when hay is cut after 
heads have emerged but before flowering. 
Intermediate wheatgrass is a cool-season grass · species intro­
duced from Russia and was first recognized as a valuable forage grass 
at the. South Dakota .Agricultural Experiment Station in 1938. It is a 
high yielding forage with stems somewhat coarser than those of most 
bromegrass varieties, but many leaves are produced so a highly 
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satisfactory forage is produced. The forage is palatable to livestock 
when grazed or harvested early. Seedlings are vigorous and easily 
established. - Under conditions of )6 to 38 cm. precipitation, inter­
mediate. wheatgrass does not maintain stands as well as crested 
wheatgrass. 
Crested wheatgrass is a long lived, drought resistant bunch 
grass which makes its growth and provides the best grazing early in the 
season. Under conditions of 23 to 38 cm. average annual precipitation 
it has maintained stands for more than 40 years, although yields decline 
with advancing age of the _stand. It is useful as a supplementary 
pasture to native ranges, particularly to depleted ranges so as to 
extend the green forage season. Under normal conditions a pasture of 
crested wheatgrass extends the grazing season· an additional two weeks 
both in early spring and late fall. Crested wheatgrass normally 
flowers in early June and matures in early July. It should be utilized 
in the spring and fall when it is very p9+atable to all livestock. 
Arter it begins to mature in late June, it becomes coarse and 
unpalatable. 
Information about the general species characteristics  was 
obtained from the data compiled by Ross .!!! .!:l• (1966). 
Establishment and Management 2f Experimental Plots 
Experimental plots were located one mile north of .Brookings on 
Agrono�y Department Research Fields and were seeded on August · 23 • 1965. 
A split plot design of two replicates of 0.1 hectare plots of each 
Variety were seeded. Growth during the fall of 1965 was limited due 
to a lack of moisture ; however, it was adequate to insure winter 
survival of the seedlings. 
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All plots were fertilized with 225 kg. of ammonium. nitrate �er 
hectare on March 30, 1966, before any growth had begun. An additional 
22.5 kg. was applied in the spring of 1967. 
Management of the plots included mowing of boundaries between 
plots and arotmd borders. Weed control was not necessary in any of the 
years included in the study. In a portion of one replicate of Sac 
bromegrass a poor stand resulted in considerable weed infestation ; 
however, this area was not sampled. 
Arter completion of sampling in 1966 all remaining aftermath 
was cut and removed from the plots so a� to not interfere with sampling 
in 1967. Some regrowth did occur, but care was taken not to include 
this material in samples collected in 1967. 
Precipitation during the 1966 growing period was normal, while 
precipitation during fall and winter months was 6.9 cm. below normal.· 
Precipitation from J anuary 1 to J une 1, 1967 , was 6.4 cm. below average 
for that period, although precipitation in J une, 1967 , was 10. 0 cm • 
. above average for that month. As a result of these precipitation 
patterns• growth during the spring of 1967 was slower than during 1966. 
Harvesting .!!!£ Preparation of Forage Material for ,!!!. .Yi!!?. .!!!£  In Vitro 
Studies 
Forages used in the 1!2_ � digestion trial were harvested at 
two stages of maturity. The first stage of maturity was harvested 
when 50,, of the heads had emerged from the boot and the second stage 
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of maturity was harvested 14 days thereafter. These harvest dates 
were selected because they encompass the period in which digestibility 
declines most rapidly. The respective harvest dates were as follo�s : 
Manchar bromegrass ; J une 10 , 24 ; Sac bromegrass,  J une 13. 28 ; Greenar 
and Oahe intermediate wheatgrass ,  J une 22, J uly 6; Siberian crested 
wheatgrass .  J une 11 , 25 and Nordan crested wheatgrass, June 7 ,  21. 
Aa seen from the harvest dates 15 days elapsed between the first and 
second harvest of Sac bromegrass. An extremely hard rain prevented 
harvesting the second stage on June 2?. 
Forages were cut with a sickle type mower · about mid-morning and 
allowed to wilt in the field until mid-afternoon unless rain 
threatened. 'lbe grasses were raked and_ loaded onto wagons and 
transported to a drying shed. Drying was under natural but protected 
conditions. All of the forages were dried for at least two weeks 
while those harvested first dried for a longer period. After drying, 
the forages were chopped to a length of 1 to 2.5 cm. by feeding the 
material into a Gehl field chopper. The chopped material was blown 
into wool sacks to prevent loss of leaves and fine material. It was 
· felt that this would provide a uniform and representative sample of 
the material harvested. There appeared to be very little separation 
of coarse and fine material when forage was removed from the bags. 
Forage samples used in the chemical composition and in vitro 
digestibility studies were also sampled at mid-morning. Samples were 
clipped approximately 5 cm. above gro\ll'ld level and care was taken to 
exclude material from the previous year ' s  growth. Plant material used 
in the study or chemical composition and digestibility of plant 
fractions was sampled every nine days beginning June-- 1, 1966, and 
continued through August 12. After collection, this material was 
stored at -18° c .  until separation could be made. Generally 
separations were completed within 4 or 5 days after . collection. 
Plants were separated into leaf blade, leaf sheath, stem and 
seedhead fractions. A portion or the sample was also left as intact 
plant. All of the material used in the 1!l vitro digestibility and 
chemical composition studies was dried at 40° c. in large forced 
draft ovens for 48 hr. After drying the weight that each plant 
fraction contributed to the total plant dry matter was determined. 
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Samples were initially ground to_ pass a l  mm. screen . in a No. 3 
.Wiley mill. T'ne ground sample was mixed and regro·und to pass a 0. 417 
mm. screen in an Intermediate Size Wiley mill. Grinding or samples in 
this manner provided for more representative sampling and prevented 
separation of coarse and fine particles. Samples were stored in 
tightly closed glass bottles free from excessive temperature and 
direct exposure to sunlight • 
.!!l .Y!!.2,  Digestion Trial Procedures 
Twenty-four wether lambs weighing approximately 40 kg. were 
randomly allotted to the six test forages. The lambs were placed in 
individual pens measuring 4 x 5 feet. During the 10-day preliminary 
period the lambs were fed .!& libitum to determine maximum .intake. This 
amount of feed was reduced by 1� during the collection. period to 
encourage consumption or all forage offered. Level of feed offered 
was held constant between varieties within species but not between 
species. In spite of the fact that feed allowance was reduced by 1� 
in relation to that offered during the preliminary period, feed 
refusal did occur. The refused feed (orts) was collected, dried, 
weighed and analyzed and the nutrients contained therein subtracted 
from that offered so that digestibility figures were expressed on an 
"as consumed" basis. 
Samples of the forage fed were obtained by taking gr:.ab-samples 
at each feeding during the collection period. These samples were 
composited and subsampled at the end or the collection period. 
Grinding and storage of these samples was similar to that of samples 
used in the .!!!_ vitro study. 
Fecal collections were made using a harness and canvas bag. 
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The fecal collection bags were attached three days prior to the start 
or the collection period to al.low the lambs to become accustomed to 
the harness. Fecal collections were made twice daily, prior to the 
morning and evening feeding. The fecal samples were immediately dried 
in a forced draft oven at 60° c. for 48 hr. The dried feces were 
- composited for the length of the collection period, mixed and sub­
sampled for analysis. Approximately 100 gm. of feces were gro\ll'ld to 
pass a 1 mm. screen. 
Throughout the trial water. trace mineralized salt and dicalcium 
phosphate were fed _!!! libitum. The lambs appeared comforta�le at all 
.·ti.nies and the harness and canvas bags did not appear· to interfere with 
normal activity. The lamb s were not stanchioned during the feeding 
period since this practice did not contribute to feed wastage. 
Chemic al Analysis Procedures 
Cellulose analysis was conducted by the method of Crampton and 
Maynard ( 1938 ) with the following modifications.  A pretreatment of 
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the sample by boiling in 1.25i sodium hydroxide was used and the super­
natant liquid was decanted after centrifugation. In addition , all 
processes were c arried out in 100 ml. centrifuge tubes and the residue 
was recovered in Gooch crucibles. Cellulose was calculated as loss  on 
ignition. 
The method of Van Soest (1963 ) was used to determine acid­
detergent fiber and acid-detergent lignin content of the forage samples. 
The only change made in this procedure was the use of Gooch crucibles 
With an asbestos pad for filtering. 
A.O.A.C . (1960 ) methods of analysis were used for the deter­
mination of crude fiber, crude protein , ether extract,  ash and 
nitrogen free extract of the samples of feed and feces obtained in the 
digestion trial • 
.!!!., Vitro Rumen Fermentation Procedures 
· 1!l vitro dry matter digestibility was carried out by using a 
procedure based on that of Tilley and Terry ( 1963 ). Since minor 
modifications may affect the results of .in, vitro procedures t�e method 
used is outlined in detail. One-half gram of forage was weighed into 
a 100 �1. polyproplyene test tube which served as the f errne_ntation 
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vessel .  The water bath which was used as the incubator was adjusted 
to 39o c. and on the day of the run 25 ml • .  of McDougalls solution was 
added to each tube about l hr. prior to the addition of the rumen · 
inoculurn to allow wetting of the sample. In this study rumen inoculum 
was collected 2 hr. after feeding by removal of ingesta from a rumen 
fistulated steer and squeezing this material through eight layers of 
cheesecloth. The rumen fiuid was transported to the laboratory and 
restrained through eight layers of cheesecloth and one layer of silk. 
The strained rumen fluid was then mixed with prewarmed McDougalls 
solution in a ratio of 1.5 :1. 0 and 25 ml. were added to the fermenta­
tion vessels. It was important to work rapidly during these stages to 
avoid chilling of the rumen inoculum. Carbon dioxide was bubbled 
through the inoculum mixture during addition to the test tubes and the 
solution was kept well mixed with a magnetic stirrer to prevent 
settling of suspended material. Immediately after the addition of the 
rumen inoculum the test tubes were stoppered tightly with Bunsen gas 
release valves. After 2 hr. of incubation the test tubes were swirled 
gently to resuspend the substrate which had risen to_ the top of the 
· fermentation media. A gentle swirling . motion was critical to avoid 
splashing of the material onto the sides of the test tubes. The test 
tubes were shaken every 8 hr. throughout the fermentation pericxi 
following the first shaking at 2 hr. 
On completion of the 48 hr. fermentation the tubes were removed 
from the water bath and 1 ml. of 5� .mercuric chloride was added to stop 
bacterfal action. Approximately 1 hr .  was allowed to elapse prior to 
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centrifugation. The sides of the test tubes were washed with distilled 
water and a rubber policeman to remove adhering residue. The test tubes 
were centrifuged at 1500 rpm for 10 minutes and the supernatant drained 
off. 
Following completion of the bacterial fermentation 50 ml. 
pepsin solution (Tilley and Terry, 1963 ) was added as the initiation of 
the second stage pepsin digestion. Care was taken to resuspend the 
fermentation residue for 48 hr. at 39° c .  Tubes were swirled every 8 
hr. during the pepsin digestion. At the completion of the 48 hr. 
digestion tubes were washed as describ�d previously and centrifuged · 
at 1500 rpm for 10 minutes. The supematant liquid was poured off and 
the test tubes plus residue were placed in a drying oven at 900 c. for 
24 hr. In addition to the test forage samples, three or four tubes 
were carried through the entire procedure with the exception that they 
, contained no forage sample. These "blank" tubes served to give the 
residue of incubated inoculum. • 
.In vitro dry matter digestibility (IVDMD) was calculated by 
the following formula : 
sample dry residue of residue of 
IVDMD = l
OO x matter - fermentation - inoculUD1 
sample dry matter 
.In vitro cellulose digestibility was carried out in the same 
manner with the exceptions that the pepsin digestion was eliminated and 
the residue of bacterial fermentation was analyzed for cellW:-ose by the 
·method of Crampton and Maynard (1938) with the modifications outlined 
in the experjmental procedures section. .!!l vitro cellulose 
digestibility ( IVCD) was calculated by the following formula : 
100 cellulose in cellulose in 
IVCD = x sample 
- residue of -
fermentation 
cellulose in sample 
cellulose in 
residue of 
digested 
inoculum 
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In order to include protein digestibility as a criterion for 
evaluating breeders strains, a preliminary study was made by .!!l vitro 
methods. The procedure involved the use of the in, vitro dry matter 
digestibility procedure described earlier. The residue of the digestion 
was then removed from the fermentation tubes and subjected to Kjeldahl 
analysis (A.O. A.C. , 1960 ). The residue of duplicate samples was 
combined to provide a sample of adequate size for analysis. Digesti­
bility of protein 1!!, vitro was calculated by the following fonnula : 
protein protein 
Protein digestibility = 100 x in - in sample residue 
protein in sample 
No correction was made for protein remaining in the digested blank 
as in the .m, vitro cellulose and dry matter digestibility procedures. 
All statistic.al data presented were analyzed according to 
. methods outlined by Steel and Torrie (1960). 
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RESULTS AND DISCUSSION 
El .Y.t!2, � In· Vitro Comparison 2f Grass Varieties Within Species ,!1 
l!2_ Selected Stages 2f Maturity 
This study was conducted to determine the correlation between 
in, !1!2 and ill vitro methods of determining digestibility with th� 
reaiization that use or .m. vitro methods of forage evaluation are more 
feasible in plant breeding work. Grasses used in the .!!'!, !!Y2, study 
were harvested at the same stage of maturity. The first harvest was 
made when 50% of the heads had emerged from the boot and the second 
harvest was made 14 days thereafter. These stages were selected since 
the decline in digestibility of grasses is greatest during this period, 
providing the greatest test for method ·-comparisons. 
Differences in chemical composition were small and inconsistent 
between varieties wi. thin . a species as shown in table 1. Manchar brome­
grass contained more protein and less of the fibrous components at the 
first stage of maturity, · but these differences became smaller or were 
reversed at the second stage. Greenar and Oahe intermediate wheatgrass 
were similar in composition at both stages of maturity. Siberian 
crested wheatgrass contained more protein than Nordan at both stages 
of. maturity and more crude fiber and acid-detergent fiber at the second 
stage. Gross energy content differed very little between varieties of 
bromegrass and intermediate wheatgrass while Nordan crested wheatgrass 
contained significantly more than Siberian. 
The relatively high ash content of Manchar and Sac bromegrass 
at the second stage of maturity could be explained by hard rains 
TABLE 1. 
EEl 
% 
Brome 
Manchar2 3. 6 
Sac 2. 3 
Intermedi ate 
Green ar  3.3 
Oahe 3.4 
Crested 
Siberian 3. 2 
Nordan 3 . 3  
Brome 
Manchar 2.1 
Sac 2.4 
Intermediate 
Greenar 3.9 
Oahe 2.8 
Crested 
· Siberian 2.9 
Nordan 3.4 
CHEMICAL COMPOSITION OF FORJGES AT TWO STAGES OF MATURITY 
CF CP 
% % 
23.4 23. 2 
26.4 19.2 
27. 8 16.9 
31. 0 16. 6  
27. 2 22.1 
27. 5 20.4 
30. 5 16.9 
29.7 16.8 
35.2 n.6 
36. 9 10.9 
34. 8 - 15. 3  
31 • .5 14.7 
Ash 
% 
Stage !, 
10. 5 
9. 2 
7. 8 
7.9 
8. 6 
7. 7 
Stage !l 
12.3 
n.4 
6.4 
6.7 
7 . 3  
8.4 
NFE Ct-C ADF 
f, % % 
39. 3  27.9 30. 3  
42.9 29.8 31. 6  
44. 2 34. 2 36.1 
41. 4  34. 2 , 36.7 
38. 8 31. 5 31. 6 
41.1 30 . 6  31. 6 
38.1 31. 7  39.9 
39.7  Jl.4 38. 9 
42.9 37.2  42. 8 
42.7  38.4 44. 6 
39.7 36. 8 41. 8  
42.0 33. 6  39.9 
ADL GE 
,, Kc al. /kg. 
4.1 4150 
4.1 4060 
5.1 4100 
5.1 4080 
4. 7 4175 
4. 5 4310 
6. o 4020 
5.5 3910 
6. 6 4045 
7.4 3980 
6.8 4070 
6.1 4250 
_l EE = ether extract, CF == crude fiber ,  CP = crude protein, NFE = nitrogen free extract,  CMC = 
Crampton and Maynard cellulose, ADF == acid-detergent fiber , ADL = acid-detergent lignin , GE = gross 
energy. 
2 Manchar and Sac bromegrass ,  Greenar and Oahe intermediate, Siberian and Nordan crested 
wheatgrass. 
previous to the day of harvest which caused considerable soil to 
adhere to the forage. This was evident during the harvesting process 
and also when the grasses were chopped. 
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Crude fiber, cellulose, acid-detergent fiber and acid-detergent 
lignin content of all varieties increased significantly (P <.01) with 
later maturity. Crude protein decreased significantly (P <.01) at the 
second stage of maturity. These changes in chemical composition are 
similar to findings of Ingalls et al. (1965) and Brown et al. ( 1968). - ----- - -
The decline in crude protein content was greatest for the intermediate 
wheatgrass varieties, followed by crested wheatgrass and bromegrass.· 
When species means were calculated, significant differences in 
chemical com.position were present (table 2). Intermediate wheatgrass 
was significantly (P <.01 )  lower in crude protein content than either 
bromegrass or crested wheatgrass but contained more crude fiber, 
' cellulose and acid-detergent lignin than bromegrass but not crested 
wheatgrass • .Acid-detergent fiber content was significantly higher 
( P  <.01) ·for intermediate wheatgrass than either of the other species. 
Nitrogen free extract did not differ significantly between species 
· although it was highest in intermediate wheatgrass. '!he species differ­
ences present were probably due to inherent differences since all were 
sampled at equal stages of maturity. These results are in agreement 
with the study of Christie and Mowat (1968). These workers found that 
later maturing varieties or species were less digestible when harvested 
at the same stage of maturity. The intermediate wheatgrass varieties _ 
were approximately two weeks later in maturity. 
TABLE 2. CHEMICAL COMPOSITION AND DIGESTIBILITY OF BROMEGRASS, 
INTERMEDIATE AND CRESTED WHEATGRASsl 
Signifi- Inter-
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cance Brome mediate Crested 
level f, 'f, I "' 
Chemical Composition 
Crude fiber2 . 05 27. 5a J2. 7b JO. Jab 
Crude protein . 01 19. oa 14. ob 1a. 1a 
Cellulose .01 30. 2a J6. ob 33. 1ab 
Acid-detergent fiber . 01 J5. 2a 40. 1b 36. 2a 
.Acid-detergent lignin . 05 4.9a 6. 1b 5.5ab 
Nitrogen free extract NS 40.0  42. 7  40. 4 
Dis;estibilit;y: 
Dry matter NS 53.5 49. 6 52. 6  
Crude fiber NS 56. 7 54. J 53.0  
Crude protein .01 6a.1a 62. Sb 69. oa 
Nitrogen free extract . 05 53. 3a 47. 3b 49. 4ab 
Total digestible nutrients NS 51. 4 49. 0 50. 6 
Cellulose NS 57.4 53. 7 56. 7 
1 Values shown are averages of two varieties at two stages of 
maturity. 
2 Means in a subset bearing a different superscript differ 
significantly. 
'Ibe species differences were also related to the anatomical 
composition of the plants when harvested. The intermediate wheatgrass 
varieties contained ·approximately JO,, more stem tissue than bromegrass 
and 10% more than crested wheatgrass at the 5� headed stage. These 
differences became more pronounced at the second stage. Since the st�m 
and sheath contain more fibrous components and lignin, it would appear 
that plants containing more stem tissue would be less digestible. 
Mowat ,tl .&• (1965c) have suggested that for these reasons plant 
· selection work should be based on the digestibility · of stems or whole 
plants. 
Digestion coefficients of the individual varieties at the two 
stages of maturity are shown in table 3.  Varietal differences within 
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a species for all .!!!.  .!!Y2,. criteria were nonsignificant. Some of �he 
differences appeared large enough to be significant; however, varia­
bili ty between lambs fed the same variety of forage was quite large in 
some cases.  The exact cause of this variation was not known although 
these lambs had been used in a faunation-defaunation study previously. 
The defaunated lambs were associated with faunated lambs for three weeks 
in an attempt to eliminate any differences in possible digestive ability. 
The digestion coefficients refiected chemical composition rather 
closely. Manchar bromegrass contained slightly less fiber than Sac at 
the first stage of maturity and as a result was slightly more digesti­
ble. At the second stage of maturity Manchar and Sac were nearly 
identical in composition but Manchar remained slightly more digestible. 
' Although nearly identicai in chemical composition at both stages of 
maturity, Greenar and Oahe intermediate wheatgrass differed in digesti­
bility. Oahe was more digestible than Greenar at the first stage of 
maturity while the reverse was true at the second stage, but the 
differences were not significant at either stage. Nordan crested 
wheatgrass was slightly but not significantly more digestible than 
Siberian at both stages of maturity. This difference was greater at 
the second stage of maturity and could be related to chemical 
composition data as Siberian contained more fibrous components and 
- lignin at the second stage of ma tur_i ty. 
TABLE. J .  
-
DMl 
% 
Brome 
Manchar 63. 3  
Sac 54.7 
Intermediate 
Greenar 56.8 
Oahe 60.3 
Crested 
Siberian 60.0 
Nordan 61.9 
Brome 
Manchar 48.4 
Sac 46.9 
Intermediate 
Greenar 44. 3  
Oahe 37.1 
Crest ed 
Siberian 42.4 
Nordan 46. 2 
DIGF.STION COEFFICIENTS OF FORAG:ES AT TWO STAG� OF MATURITY 
CF 
f, 
61.9  
60. 2  
57. 8 
68.9 
57. 2 
62.9  
54. 3 
49 .9 
49.9 
40.4  
45.7  
46. 3 
CP 
f, 
75. 3  
67.0 
69.4  
72. 6  
75. 2 
72. 3  
64. 2 
64. 7 
57. 8 
51.1 
65. 2 
62. 8 
NFE 
f, 
Stage .! 
64. 8 
60.0 
5 5. 2  
57.4 
57.1 
62.0 
Stage ll 
43.7  
44. 5 
39.9  
36. 5 
34.9 
43. 7 
DE TON CMC IVDMD 
1, cf, cf, ,, 
62. 6 61.1 65.4 72.3 
5 5. 5  56.1 61. 5 72. 2  
54.8 5 5 .6 58. 2 69.9 
58. 5 60. 5 64. 5 67.9 
57. 5 57. 7  63. 7 72. 5 
61. 2 61.0 64. 2 72. 5 
47. 8 44.1 54. 2 58. J 
44. 6 43. 5 46.9 59. 7 
40.9 43. 4 49. 2 59. 5 
33.0 36. 6  42. 8 57. 5 
38.9 40. 4 48. 3 60. 6 
46.9 43. 2 50. 7 61.9  
IVCD 
1, 
66. 5 
64. 6 
69. 6 
64. 3 
74.1 
71. 6 
52.9  
52. 6 
54.9 
49.9 
5 5. 4 
58. 4 
1 DM = dry matter, CF = crude fiber, CP = crude protein, NFE = nitrogen free extract, DE = 
. digestible energy, TDN = total digestible nutrients, CMC = Crampton and Maynard cellulose, IVDMD = 
i!!, vitro dry matter digestibility, IVCD = � vitro cellulose digestibility. 
� 
64 
Digestibility or all components was significantly (P <.01) 
lower at the second stage or maturity. Th� percentage decrease for 
some or the criteria were dry matter, 24i; crude protein, 15% :  digesti-
ble ·energy, 28% and total digestible nutrients, 28%. These decreases 
are or the same magnitude as those reported by Brown _tl &• (1968), 
Wright .!.!:, .!!• (1967) and Ademosum � !!.• (1968). This highly signifi­
cant decline in digestibility of the major nutrients of forages 
emphasizes the need for early harvesting to obtain forage or high quality 
and nutritive value. When varieties and maturity stages were averaged, 
intermediate wheatgrass was lowest in digestibility of all components 
shown in table 2. 
!!!, vitro dry matter (IVDMD) and _i!!, vitro cellulose (IVCD) 
digestibility values for Greenar and Oahe were significantly different, 
P -c(.0,5 and P <.01, respectively. Bromegrass and crested wheatgrass 
, varieties did not differ significantly in IVDMD or IVCD. l!l_ vitro 
digestibility values were considerably higher than corresponding i!!, !1!2, . 
values; however, the correlation between in, !1.!.2. and in. vitro values 
was 0.89 and 0.88, respectively, for dry matter and cellulose (table 
4). These correlation coefficients are similar to those obtained by 
Baumgardt (1962b) but slightly lower than those obtained by Tilley anQ 
Terry (196) ) and Barnes (1966). 
Simple correlation coefficients between El !1!2. digestibility 
and Bl vitro digestibility and chemic al composition are shown in table 
· 4. Cellulose content was significantly (P <.  05) negatively correlated _ 
. with dry matter. cellulose and protein digestibility i!!_ !1!2.• All 
TABLE 4. SIMPLE CORRELATION COEFFICIEllTS BETWEEN IN VIVO MEASURES 
OF DIGESTIBil,ITY AND SEVERAL LABORATORY ANALYSES 
In. vitro DMD 
In vitro CD 
Cellulose content 
Acid-detergent fiber 
.Acid-detergent lignin 
Crude protein content 
Percent leaf 
0.89 
-. 62• 
-. 85 
-.88 
0. 85 
0.80 
* P <. 0.5, all other values P �. 01. 
0.88 
-. 60• 
--89 
-.88 
o. 83 
0. 83 
Digestible 
crude 
protein 
-. 64* 
- . 85 
· - . 84 
0.91 
0. 73 
65 
other correlations shown were highly significant (P <. 01 ). Acid­
detergent lignin and :fiber gave much higher correlations with i!!_ !1Y2 
digestibility than cellulose or crude fiber, although crude :fiber is 
not shown 1n table 4. The correlation coefficient between crude fiber 
and in !!Y2, dry matter digestibility was -. 60. The correlation 
, coefficients shown are of similar magnitude as those obtamed by 
Baumgardt et al. (1958) and Oh et al. (1966). Correlations between - - - -
chemical ·composition can be expected to be high when grasses are being 
com.pared. When legul11es are included in the calculations, the corre-
. lations are usually reduced. 
Acid-detergent fiber and lignin are recommended for use rather · 
than earlier cellulose, fiber and lignin analyses methods. It also 
appeared that .Y1 vitro procedures could be used to estimate .!!!, !1Y2 
digestibility as evidenced by the significant correlations between 
the two methods. 
Since protein is an important economic and nutritional 
·component of forage , the digestibility of _thi s compon ent becomes 
important to the pl ant breeder . The selection for and development of 
forage varieties having a high digestible protein content should 
c ertainly be encour aged. At present, the determination of protein 
digestibility involves the use of a digestion trial which requir es 
considerable amounts of forage , in addition to being an expen sive , 
laborious and time consuming process.  
In view of the laborious proc ess of determining protein 
digestibility i!:!, !1!2, a preliminary study was conducted to ascertain 
the problems associated with determining protein digestibility in, 
vitro. It was expected that the separation or microbial protein trom 
plant protein would be the first problem encountered in determining 
protein digestion i!l vitro sinc e microbial protein would contribute 
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· to the residual protein remaining after fermentation in the artificial 
rumen. · This would lower the digestibility value obtained. 
With the above problem in mind , it was decided to use the 
simplest method pos sible for determining pro tein dige stibility .:!!!, 
· vitro ; namely, one which eliminated the separation of microbi al. and 
plant protein. The procedure used was essentially that of the in_ vitro 
dry matter digestibili ty proc edure previously described. The residue 
of the m, vitro dry matter digestion procedure was analyzed for 
protein by A. O . A.C . (1960 ) methods and digestibility or the protein 
was c alculated by subtracting the weight of residual protein from the 
protein in the sample and dividing by the latter . Thi s value was taken 
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times 100 to arrive at percent digestibility. It should be noted that 
·no correction was made for microbial prot�in remaining in the residue 
of digestion. 'lhe values obtained when a correction was made for. 
microbial protein remaining in samples of mcubated inocu1um without 
substrate were unusually high. The values for i!!, vitro protein 
digestibility are compared with ,m !1Y.2, values of the digestion trial 
in table 5. 
The correlation coefficient obtained between .!!:!, !1Y.2, and .!!l. 
vitro protein digestibility was 0.95 (P <.01). Differences in .!!!_ !1Y.2, 
protein digestibility between varieties were substantiated by the in, 
vitro method with the exception of crested wheatgrass varieties at 
the first stage of maturity. It was r�alized that the high correlation 
obtained was for a limited number of samples which covered a narrow 
range of maturity. The probability of maintaining this high correla.. 
• tion over a large number of samples of more varied maturity and plant 
type is not lmown and warrants further study. 
'!he correlation of 0.95 between i!! Y!!5?. and l!!, vitro methods 
is only slightJ.y higher than the correlation of 0.91 obtained between 
crude protein content and i!!, .!i!2, protein digestibility as reported in 
table 4. Anderson (1967) obtained an over-all correlation coefficient 
or 0.97 between crude protein content of the total ration and the 
digestible protein content. The study involved 613 individual 
digestion studies with yearling wether sheep. All hay rations were fed . 
·for 477 observations while concentrate :forage ratio ·or 20 :80. 40 : 60 and-
60 :40 ( or a higher percentage concentrate) gave 28. 43 and 44 
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TABLE 5 . A COMPARISON OF CRUDE PROTEIN DIGESTIBILITY 
BY l!i .Y!!Q AND ,lli VITRO METHODS 
/ 
Stage I stage II 
Variety !!l .!1!2  !!'.!. vitro 1h. .!1!2 In vitro 
i 'I, 
Broznegrass 
Manchar 75 . 3  76.1 64. 2  63. 0  
Sac 67. 2  70. 3 64.? 66.6  
Intermediate 
Greenar 69. 4 67. 7 5?. B 58. 5 
Oahe 72.6 69.2 51.1 5 5. 9  
Crested 
Siberian 75 . 2 73.6 65. 2 65. 7 
Nordan 72.9 76.1 62. 8 64.9 
observations, respectively. Correlation coefficients declined somewhat 
when higher levels of concentrate were _fed. Nevertheless, this study 
indicated there may ·be a limited need for developing an i!:!, vitro 
technique for protein digestibility of forages. 
Since a correction factor for protein remaining in the 
incubated inoculum without substrate increased digestibility values 
unrealistically, it is apparent that procedures must be modified to 
yield meaningfu1 results. The incubated inoculum undoubtedly contained 
. some plant protein as well as soluble protein. '!he separation of these 
proteins from microbial protein in the incubated inoculum should 
result in a smaller but more exact correction. 
Weller � !l• (1958) developed a method for separation of 
bacterial protein from protozoal and plant protein by using t,-ie 
compound diaminopimelic acid. This compound is unique in that it is 
present in the cell wall of bacteria but not in protozoa or plant 
substances of the feed. A study by Weller � &• (1962) showed that 
the amount of .dianrlnopimelic acid-nitrogen remained rather constant 
in the rumen of sheep fed wheat hay (9% protein) but varied con-
siderably in those fed alfalfa hay {18% protein). This study also 
indicated. that protozoa did not at any time form more than a small 
part of the microbial nitrogen in sheep fed wheat hay; however, 
protozoal nitrogen accounted for 25 to 401, of the microbial nitrogen 
when alfalfa hay was fed. , 
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It would therefore appear that a detennination of the amount of 
bacterial nitrogen present before and after an in vitro digestion would 
not serve as a consistent correction factor. Either protozoal nitrogen 
would have to be determined or the protozoa excluded from. the 
microbial inoculum. 
From the literature surveyed it appeared that diaminopimelic 
acid is the compound best suited for the separation of bacterial and 
plant nitrogen. Although the isolation and determination of this 
compound does not lend itself to routine analysis at the present time, 
additional study could possibly overcome this problem. 
The results of this study. although superficial, indicate 
po�sibilities for developing methods to determine protein digesti­
bility i!1 vitro. In addition to providing important information about 
forage protein quality, such a method would be an invaluable aid in 
studying protein metabolism of microorganisms. The demand to include 
·a value for digestible protein on feed labels of commercial protein 
supplements should also provide impetus for developing an in vitro 
method for determining protein digestibility. Further study in the 
development of such methods is certainly �arranted and recommended. 
Al though intake per unit of metabolic size was not determined 
in this study. differences in consumption were apparent. The brome-
i 
grass and crested wheatgrass varieties were consumed at equal levels 
?0 
while intermediate wheatgrass consumption was considerably lower than 
the other species. The refused portion of forage by lambs being fed 
intermediate wheatgrass consisted of stems high in fiber content. 
These stem fragments were uniformly chopped and did not appear longer 
than stem fragments of other grasses but they were larger in diameter 
and appeared quite coarse. This suggests that intermediate wheatgrass 
should be harvested on or before heading to provide forage which would 
be consumed readily. 
The results or this study indicated that digestibility differ-
, ences which existed between the varieties tested were small and non­
significant when harvested at the same stage or maturity. Differences 
which were present at one stage of maturity may not have existed at a 
more advanced stage or they may have been reversed • . 
Differences were shown to be significant when closely controlled 
1!l vitro techniques were used, while between animal variability reduced 
the probability of showing significant differences when such small 
numbers were used. 
The sharp decline in crude protein content, increase in fiber 
·and lignin and highly significant decline in digestibility of these 
grasses during the 14 day interval clearly point out that these grasses 
should be harvested on or before the date of 5� head emergence to 
obtain a forage of high nutritive value. �arvesting of grasses at 
this stage of maturity does not produce optimum dry matte� yields · as 
shown by Fulkerson tl .!l• (1967). They showed that at the heading 
stage grasses had stored 701/, of their dry matter but 82� of their 
!!l_ vitro digestible dry matter and 96% of their crude protein yield. 
It is apparent that a compromise must be made between quality and 
quantity of forage harvested. 
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Chemical Composition !!ll! .E'1. Vitro Digestibility .2! Grasses .!! Affected 
!:?z Advancing Maturity Throughout !h! Growing Season 
The conventional digestion trial requires relatively large 
amounts of forage and is not suited to season long comparisons, which 
may be valuable in plant selection programs. Thus, a.!!, vitro digesti­
bility methods and laboratory analyses were used throughout the 
remainder of the study. 
Crampton and Maynard cellulose content for the varieties used 
is shown in table 6 for both years of the study. The cellulose content 
of all varieties increased significantly (P <.01) with advancing 
maturity. Cellulose content in late May was about 22% and increased 
steadily through late June. In early June a slight decrease occurred 
for all varieties followed by a gradual increase in late July and early 
August. The slight decline in cellulose content in early July could 
not be explained by any of the factors generally associated with 
maturity. Possibly the extremely high temperatures during this period 
decreased the amount of cellulose synthesis. A study by Denium (1966) 
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TABLE 6 . CELLULOSE CONTENT OF GRASSES AS AFFECTED 
BY ADVANCING MATURITY 
Brome�ass Intermediate Crested 
Manchar Sac Greenar Oahe Siberian Nordan 
Date % % cf, % '1, . % 
1966 
5-23 19. 3  18. 8  21. 4  19. 2 22. 7 22.9 
5-29 20.2 21.6  ·21. 8  22.5 24. 8 24. 3 
6..4 22. 8  22.1 24. 7 23.5 26. 5 26.6 
6..10 23. 8  22 .5 23. 7 23.4 28.1 27 .3  
6-16 25 .9  25. 8 25. 5 27. 4  31.6  30.6 
6..22 27 . 3  28. 8  30.9 30.3  33.6  32 .6  
6-28 29. 7 _30.1 34.4 33.6 :37. 2 33. 8  
7-4 28.1 28.9 J3. 8  35 . 3 :37. 2 33. 5  
7-10 · 27 .5  29. 2  36. 3 33 .5  36.4 31.9 
7-16 27. 7 27.2 35 .2 35 .1  35 .1 34.9 
7-22 31.3 30.3 33.6 33. 8  32. 9  32.9 
7-28 33. 2  30. 7 34. 3 35 . 8  33 . 8  32.1 
8-J 30.9 29 .3  35 .2 35 .9  34. 7  31. 7 
8-9 32. 7 30.1 35 .9 36. 7 J6. 3 34. 2 
8.;.15 33. 7 32 .5 35 . 7 ·- 38.5 36 .51 33. 7 
x 27.6  27. 2  30. 8 30. 9 32. 5  30.9 
� 12§1 
5-23 23.6. . 22.5  22. 0  22.5  2J. 4  22.9 
, 5-29 21. 8  22. 6  22.1 21.6  22.1  25 .1 
6-4 23. 5  24. 0  22. 4  20. 8 21.5 21. 7 
6-10 24. 8  28. 3 26.5 25 . 8 24.9 30. 4 
6-16 28.5 26 • .5 27.2 27. 7 25. 2  32. 0 
6-22 28.3  27.9  30.5 28. 9  27.1 27.5 
6-28 J0.6  30. 0 32. 0 33.5  30.6 30 .1  
7-4 28.9 30.6 32. 5 30. 9  28.5 28.6 
7-10 28.6 29. 7 31.6 30. 2  32.6 32.2 
. 7-16 29. 2 29. 3 31.9 29. 8 28.6 30. 7 
7-22 32.9 31 .3  31.9 29. 4 32. 8 30. 7 
7-28 30.2  32 . 3  35 .2 31. 5 31. 4  J0.6 
8-J 32.1 35 . 4  35. 3  36. 2 _ 33.5 33. 9 
8-9 34. J 35 .1 35 .6 36. 7 32.3 32.3 
8-15 33. 9  35. 2  36.2 35. 5  · 33.5 J4. 8 
x 28. 71 29. 4 30.21 29. 4 28. 51 -. 29.6 
1 Variety means within a species differ significantly (P  <. 01 ) . 
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indicated that during drought crude fiber content decreased . This may 
have been the cause or the lower cellulose content observed in both 
years of this study. The effect appeared more pronounced in 1966 
than in 1967. \ 
As shown in table 6 differences in cellulose content between 
varieties within a species were small and variable throughout the 
season. Analysis of variance of the data showed that Siberian crested 
wheatgrass contained significantly (P <.  01 ) more cellulose than Nordan 
in 1966 while in 1967 the reverse was true. Bromegrass and intermediate 
wheatgrass varieties did not differ significantly in cellulose content 
during 1966 ; however, in 1967 Sac bromegrass contained significantly 
more cellulose than Manchar and Greenar intermediate wheatgrass con­
tained significantly more than 0ahe. 
The difference in cellulose content of the crested wheatgrass 
· varieties could be attributed to maturity differences in 1967 but not 
in 1966. ·Nordan reached the heading stage of maturity four days 
earlier than Siberian. Manchar bromegrass was three days earlier than 
Sac while the intermediate wheatgrass varieties reached the heading 
stage at the same date. When species means were calculated, bromegrass 
contained significantly (P <.  01) less cellulose than intermediate and 
crested wheatgrass with no difference between the latter two. The 
lower cellulose content of the bromegrass appeared to be an inherent 
characteristic since the maturity was only slightly earlier than the 
crested and intermediate species. When harvested at a given date 
witho�t regard to maturity, the intermediate varieties should be 
lowest in cellulose content. However, even at early sampling dates 
?4 
· intermediate varieties contained as much cellulose as the crested 
varieties which were about two weeks more mature. This may .be related 
to the work reported by Denium (1968) in which it was found that later 
maturing forage was less digestible due to increased stem formation 
caused by higher temperatures. It was also shown that the increase in 
stem tissue caused an increase in the fibrous components. 
The effect of year of harvest on cellulose content, although 
small and unimportant, was significant (P <. 01). The means when all 
varieties and dates were averaged were 29.9� in 1966 and 29 . J� for 196?. 
From the data presented in table 6 it is evident that cellulose 
content of all varieties was higher in. late May of 196? than in 1966. 
This is apparently due to maturity differences since all grasses 
reached the heading stage of maturity about one week earlier in 1967 
, than in 1966. Thus, differences due to year of harvest may be due to 
the more advanced maturity of plants as well as climatological factors. 
It is also of interest that bromegrass varieties contained less cellu­
lose in 1966 than in 1967 while intermediate and crested wheatgrass 
varieties contained more cellulose in 1967. No explanation . could be 
given to account for this. 
As will be pointed out in the plant fraction study, the lower 
cellulose content of bromegrass varieties can be related to the lower 
percentage of stem. and sheath tissue compared to the other species. 
·On a seasonal average intermediate and crested wheatgrasses contained 
13 and 241, more stem tissue, respectively, than bromegrass. 
Acid-detergent fiber (ADF) followed a pattern similar to that 
of cellulose content with advancing maturity. All grass varieties 
increased significantly in ADF with later sampling date (table 7). 
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ADF and cellulose values were similar in early spring harvests but 
differed considerably later in the season due to the inclusion of 
lignin in the ADF fraction. Some workers have used the value obtained 
by subtracting lignin from ADF as the cellulose content of forages. 
ADF content of the grasses increased steadily until head emergence and 
then increased markedly through flowering and early seed development. 
The trend of a slight decrease in cellulose content in early July was 
also apparent for ADF content. This may be related to seed development 
which would be higher in starch and therefore decrease cellulose and 
fiber content of' plants. The increase in ADF following the decline 
may have been due to subsequent shattering of the developed seed. 
, Also, the contributing ef'fects mentioned for cellulose may apply to 
ADF as well. 
Varietal differences within species were small during both 
years of the study. Mancha.r bromegrass contained significantly more 
ADF than Sac in 1966, al.though the difference was not significant in 
1967. Greenar intermediate wheatgrass contained significantly (P <. 01) 
more ADF than Oahe in both years of the study. As shown in table 7, 
Siberian crested wheatgrass contained significantly more ADF than 
Nordan in 1966, but this difference was reversed in 1967, similar to · 
· the cellulose data. 
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TABLE 7. ACID-DETERGENT FIBER CONTENT OF GRASSES AS AFFECTED 
BY ADVANCING MATURITY 
Bromegrass Intermediate Cre sted 
Manchar Sac Greenar Oahe Sibe.rian Nordan 
Date f, % f, "' % % 
1966 
5-23 19 .4  19. 4  21. 4  19. 6  21.9 21.9 
5-29 20. a  22. 8 21.8 23. 0 23. 8  25 . 7 
6-4 25.1  24. 2 26.9 27. 6  27. 2  27. 2  
"6-10 26. 2  25. 0  25 .5  26. 2 28. 7  28.1  
6-16 28.9 27. 6  29. 8  30.9 32. 6 31. 2  
6-22 J0. 8 32. a 35 . 2  34.3 36. 6 36.3 
6-28 35. 2  35 .1  39. 0 38.9 40. 5  38. 4  
7-4 36. 4  35 .9 39 . 6  40.l 41. 2 37. 6  
7-10 J4.9 37 . 2  40. 6 39. 8 40. 5  37. 4  
7-16 35. 9  36. 6 42. 3  42.3 40. 5  J?. J 
?-22 :37. 8 36. 0 40. 3 39.9 39 .1 39. 3  
7-28 39. 3  37. 5 40. 8 42. 2  39 .9 39.1 
8-3 38. 8 35 .9 41. 1 42. 8  42. 5  39. 0  
8-9 39. J  36. 7  41. 6  42. 8  43. 7 41.9 
8-15 40.9  38. 8 42. 6  44.9 43.7 41.9 
� 32. 61 32.1 35. 21 35. 7 36. 21 34. 8 
!W. 
5-23 24. J 23.3 22.2 25 . 6  24.5 24.5 
, 5-29 23 . 5 25.1 24.5 23.9 23. 6  25. 5 
6-4 25 . 6  27.1 26. 3 24.3 24.5 30. 4  
6-10 28.8 31. 3  29.9 26. 8 27.9 32.1 
6-16 34. 6 30. 6 31. 7  30.3 29 .9  3?. 8  
6-22 35. 6  33. 5  32.9 33. 6  31 .9 35 . 3  
6-28 J4.9 34. 8 J6. 5  35 . 7  35. 5 3 5.6  
7-4 35.6 35 . 2  :37.5  36. 7 36. 2  36. 3  
7-10 37.9 38 .2  39 .3  37 .4  37.9  38. 2 
. 7-16 J8.3 J6 .4  J8. 4 36. 6  37.9 37. 5 
7-22 40. 2 37 . 7 37. 1 37.1  35 .5 35. 6  
7-28 40. 4  40.9 39.1 37. 8  36.1 36. 7 
8-J J8. 7 40.9 40.1  39. 2 36. 5 37. 2 
8-9 41.9 41 . 3  40.9 40.5 37.9 J8. 1 
a..15 42. 6 42. J  41. 8  41. 2  37. 4  39.2 
� J4.9 34.6 J4. 61 33 . 8  32.9
1 34. 7 
1 Variety mean s  within a species differ significantly ( P  <. 01 ) . 
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Species means computed for both years of the study showed that 
bromegrass was significantly ( P <. 01 ) lower in ADF content than 
intermediate or crested wheatgrass. The latter two species were · 
nearly identical in ADF content when the two years were combined. 'Ihe 
lower ADF content of bromegrass was probably due to anatomical composi­
tion since it contained considerably less stem tissue than the other 
species during the growing season. It should also be pointed out that, 
although the intermediate wheatgrasses were two weeks later to mature, 
ADF content was similar to or higher than earlier maturing species. 
This was also true for cellulose content, indicating that later 
varieties and species of grasses mature more rapidly than earlier ones. 
As shown in table 7 , the ADF content for all varieties was 
higher in plants sampled in May of 1967 than in 1966. This trend 
remained in Jtme for bromegrass and intermediate varieties but not for 
' crested wheatgrass varieties. These differences early in the growing 
season were probably due to an earlier maturity in 1967 since the 
average date of heading was nearly one week earlier. 
Acid-detergent fiber has been shown to be an excellent indicator 
or forage quality by Van Soest (1963b). ADF represents a reasonably 
p�e lignocellulose and its composition is of nutritional significance. 
It appears to be a better indicator of nutritional value than cellulose 
or crude fiber due to the fact that the values continue to increase 
throughout the growing season compared to the leveling off observed 
with cellulose and crude fiber values. Since it includes lignin, it 
encompasses more of the fibrous, less digestible components of grasses. 
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Analysis of variance of acid-detergent lignin (ADL) content 
data indicated a significant (P <. 01) increase with later sampling date 
(table 8). ADL content, like cellulose and ADF, increased most rapidly 
during the heading and nowering stages of maturity. The slight 
decline noted in cellulose and ADF content in early J uly was also 
present in the ADL values, although this was more pronounced in 1966. 
Greenar intermediate and Siberian crested wheatgrass contained 
significantly (P <. 01) less ADL than Oahe intermediate and Nordan 
crested wheatgrass during 1966. These were the only significant 
differences present between varieties within species during both years 
of the study. In both of these species varietal differences were 
probably not due to maturity differences since the intermediate 
varieties were similar in stage of maturity and Nordan was earlier to 
mature than Siberian crested wheatgrass. 
The values shown for ADL may appear to be low ; however, the 
method of Van Soest (1963b) yields values within this range. It 
appears that the material. obtained in previous lignin analysis methods 
of Crampton and Maynard (1938) and Ellis � .!!• (19�6) contained 
considerable amounts of plant proteins and other impurities. Values 
obtained by the method of Ellis et al. (1946) ranged from 10 to 20% 
while those obtained by Van Soest (1963b) ranged from 2 to lo%. 
When varieties were averaged over both years of the study, it 
was found that crested wheatgrass contained significantly ( P -<. 01) more 
ADL than intermediate wheatgrass and bromegrass. Mean ADL contents of 
the species were 6. 2,  5. 4 and 5 . 6%, respectively. The higher ADL 
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TABLE 8. ACID-DETERGENT LIGNIN CONTENT OF GRASSES AS 
AFFEI:TED BY ADVANCING MATURITY 
BromeE2:ass Intermediate Crested 
Manchar Sac Greenar Oahe Siberian Nordan 
Date 'f, 'f, % % '1, '1, 
1966 
5-23 1 . 7 1 . 6  2 . 0 1. 5 2.5 2. 3  
5-29 2 . 0  2 .5 2 . 2  2.6 J .2 2.9 
6..4 J.1 2 .9 3.1 3.8 3. 7 4. 2  
·6-10 2 .7 2 .9 2 . 6 3.1 J .4  J . 6 
6-16 3. 8  3.1 3.8 3.9 4. 9 4. ? 
6..22 4.7 4. 7 4. 8 5 . 2 4. 8 4. 8 
6-28 5 .0 5 .2 5 .6 5 . 8 7. 6  6 .4  
7-4 5 . 7  5 .9  6 .4  6. 7 7. 3  6 .8  
7-10 4.9 5 . 4  5 . 3  5 .6 5 . 7  5 .9  
?-16 5 .4  5 . 4  6. o 6. 2 7 .6  6.1 
7-22 6 . 0  6. 4 6. J 6.2 7 .3  7 .3  
7-28 6 .2  5 .9  6 . 8  6.6 ? .l ?. 4  
8-J 6. 5 5 . 5 5 . 8  6. 9 6. 8 6.6 
8-9 7.1 6 . ? 6 .4  6.9 8. 2 7 .3 
8-15 7.1 7 .1 ?.4  8.2 8 . 7  7 .9 
x 4.8 4. 8 4. 91 5 . 3  4. 91 5.6 
1:222. 
5-23 J.5 J. 4  J. 2  3. 4  4. 0 J. 4  
· 5-29 J.4  3. 5  3.3 4. 2 5 .6 J.9 
6-4 4.4 4.4 4.5 4.5 4. 7 4.3 
6..10 4.J 4. 6 5 .0 4. 4 4.1 4. 2 
6-16 6.3 6. o 4. 7 4.9 5 . 7  5 . 7  
6-22 5 .9 6. o 5 . 3 4. 9 4. 9 6.6 
6-28 6.1 6. o 5 . 4  4.6 5 . 9  6.1 
7-4 7.1 6.1 6. 2 4. 8 6.6 6.2 
7-10 7. 0  7 .3  6.6 7 .1 7. 2  6.9 
?-16 ? . 4  6 .4  6.4 6. 8 8 .6  8 .4  
7-22 6. 5 7 .1 6.6 5 . 8  8 . 3 7 .6  
7-28 7 .4  ?. 4  6 .2  6. 4 7 . 3 7.2 
8�3 7. 0  7. 3  6.2 8. 2 8 .1 8 .. 2 
8-9 8 .2 10. 1 8.4 8. 3 9. 0  10.1 
8-15 9.3 9. 9 8 .1  7.6  8 .7 8.6 
y 6.3 6 .4  5 . 7  5 . 7 6 .6  6. 5 
l Variety means within a species differ signific antly (P < . 01 ) . 
content or crested wheatgrass may be due to its earlier maturity. 
This was substantiated. by the results or the in vivo study in which 
. - -
plants were harvested at the same stage of maturity. Under these 
conditions intermediate wheatgrass contained the most ADL followed by 
crested wheatgrass and bromegrass. 
Differences in ADL between years were highly significant 
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(P <.01). Mean ADL content in 1966 was 5.2% compared to 6. 21, in 1967. 
The higher ADL content in the second year may have been due to the 
earlier maturity of all varieties, although it is doubtful that this 
was the only contributing factor. 
Like ADF, ADL has al.so been shown to be highly correlated with 
forage digestibility. Oh !!, .!!.• (1966_) obtained correlations ranging 
from -. 66 to -.95 within forage species between ADL content and .!!!. !!.!2  
dry matter digestibility. The ,i!l .tl!2. study reported earlier showed a 
• significant correlation of -.88 between ADL and ."!!!. !!.!2  dry matter 
digestibility. When forages of different species were compared, the 
correlation between ADL and digestibility was reduced. This was 
apparently due to the differential effect of ADL on certain components 
between species • 
.!!l vitro dry matter digestibility (IVDMD) of the grass varieties 
is shown in table 9. Before any discussion of these data is presented, 
it should be noted that all of the values shown were obtained in the 
same 1!!, vitro fermentation. The same rumen inoculum was used for all· 
samples so that the differences which existed were not due to changes 
in microbial activity often associated with .!!2, vitro studies. This 
Date 
5-23 
5-29 
6..4 
6-10 
6-16 
6-22 
6..28 
7-4 
?-10 
?-16 
7-22 
7-28 
8-3 
8-9 
8-15 
� 
5-23 
5-29 
. 6-4 
6..10 
6-16 
6-22 
6-28 
7-4 
?-10 
?-16 
?-22 
?-28 
8-J 
8-9 
8-15 
x 
TABLE 9. Ill VITRO DRY MATI'ER DIGESTIBILITY OF GRASSES AS 
AFFEX:TED BY ADVANCING MATURITY 
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Bromegrass Intermediate Crested 
Manchar Sac Greenar Oahe Siberian ·Nordan 
% % % % % % 
1966 
80.1 79. 2 79 . 7  79. 2 79.4 80.4  
81. 3  81. 2 79. 2 79 . 2 77.6 77. 0 
79. 0 76.9  77.2 76.8 74.9 74. ? 
76.0 76. o 78.0 76. 5 76.1 75 . 7  
74.2 73.9  73.1 72. 3 71.1 71. 4  
65 .3  65 .9  71.0 69. 3 68. 2  62.0 
64. 2  66.6 64. 4  66. 5 65 .9  64. 2 
59.4  60.4  60.5 60.9 57. 2 57.5 
61.6 60.8 59.9 57. 7 55 . 5 58. 3 
61.1 60.6 58.1 57.9  53. 8 55.9  
59.9  62. 2 64.0  61. 7  54. 3 55. 3  
58. 8 60. 2 61. J  56.9 53.5 53. 8 
56.6 57. 2 58.9 58.1 52. 2 55. 8  
58.1 58 .4  58.7 56. 7 51. 2 54.0 
54.J 57.4 55. 4  56.8 51. 4 53 . 3  
65 .9  66.5 66.71 65. 8  62. 8 63. 3  
1222 
73. 2  74. 3 77. 4  74.9 76.4 74. 2 
74. J 73. 2 74.9 74. 8 73.4 74. 6 
70.8 69.9 71. 3  75 . 3  73 .3  71 . 8  
70.4 66.9 70 .• 6 70. 7 70.7  68.9 
63.1 66.8 68. 5 71. 3  68.6  65 . 3  
61.0 63.0 66. 5 67. 5 66.8  66. 2 
60. 1 61. 8  69.9 67. 6  64.4 63. 2  
60.4  63.9 71.6  66. 8 62.6 61. 8  
57.0 58. 3 62.6 56.9 62. J  58.6 
52.0 59 .4  60. 3 60. 5 5 5 . 2  57. 8  
51. 3 54. 5 60.l 60.1 56. 2 57 .7  
49. 2  50.0 58. 2 58. 1 53. 8 56.1 
49. 9  49.0 57. 2 58.6 5 5 . 1  52.9  
46. 4 50.4 53. 8 54. 5 50. 6 51. 9  
47. J 49. 4  5 5.5  51.9 49.9  51 . 9  
59 .11 60. 7 65. 2 64. 6 62. 6  62. 2  
1 Variety means within a species differ signific antly ( P < . 01). 
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involved the use of J60 fermentation vessels and two large water baths. 
The samples were randomly placed in one or the two water baths. The 
temperature of the two water baths did not differ by more than 0. 5° c.  
during the 48 hr. fermmtation. \ 
IVDMD declined significantly (P < . 01) with later sampling date 
for all varieties ( table 9 ). As seen in the table, IVDMD declined 
slowly until the heading stage of maturity and then declined sharply 
during fiowering and early seed development. After this period IVDMD 
declined more slowly and tended to level off during late July and early 
August. The decrease of fiber, cellulose and l'ignin in early July 
which was discussed earlier was not reflected in the digestibility 
data. It would be expected that the decrease in these components 
would cause a slight increase in IVDMD; however, this did not occur 
although there appeared to be a definite plateau in the rate of decline 
· or IVDMD during this period. The decline in IVDMD _with·advancing 
maturity of grasses has been shown by many workers including Mowat 
il .!!• (1965a) and Fulkerson !! .!!.• (1967). 
Differences in IVDMD between varieties of the same species were 
small throughout the growing season. Greenar intermediate wheatgrass 
was significantly (P <.01) more digestible than Oahe in 1966 but not 
in 1967. Sac bromegrass was significantly more digestible than Manchar 
in 1967 but not in 1966 al though the trend was similar. The inter­
mediate wheatgrass varieties were remarkably similar ·in IVDMD through-
. out the growing season, a refiection of their chemical composition. 
Nordan crested wheatgrass was slightly but not significantly more 
digestible than Siberian in 1966. If these varieties had been 
sampled at the same stages of maturity, Nordan probably would have 
been more digestible than Siberian as was found in the m_ !!!2_ 
digestion trial. 
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Species means computed by averaging varieties and harvest dates 
showed intermediate wheatgrass to be significantly (P <:..01 ) more 
digestible than the other two species. There was no difference in the 
digestibility of bromegrass and crested wheatgrass. The higher digesti­
bility of the intermediate species could be related to its later 
maturity when sampled at the same date. When these species were 
evaluated at an equal stage of maturity in the .!!l !!!:2.  digestion trial, 
intermediate was lowest in digestibil�ty. This points out the 
necessity of evaluating plants at equal stages of maturity to obtain 
data which ·are comparable. Species means for IVDMD were 6J. l'f, for 
· • bromegrass, 65. 6'1, for intermediate wheatgrass and 62. 71, for crested 
wheatgrass. 
IVDMD values were significantly (P <.01 )  lower in 1967 than in 
1966. The mean IVDMD was 65 . 2% and 62. 41,, respectively. Again, this 
difference could be attributed to maturity differences which existed 
between years as well as climatological factors. For these reasons 
it appears that the expression or digestibility declines as percentage 
units per day or fractions thereof may be misleading since specific 
stages of maturity are not reached at the same time each year. Kivimae 
(1966) and Minson � &• (1960b) have utilized this method of 
expressing the decline in digestibility. The use of this . method 
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presents the decline in digestibility as a uniform trend throughout 
the season and in reality this does not occur. The rate of decline is 
gradual until emergence or the seedhead after which digestibility 
declines rapidly for several weeks and then tends to be at a more 
gradual rate after this period. 
IVDMD has consistently given excellent correlations with in vivo - -
digestibility. Studies by Oh et al. (1966) and Barnes (1966) showed - -
that IVDMD provided the best estimate or .!!! !1!2, dry matter digesti­
bility when several chemical. analyses and 1!!. vitro procedures were 
compared. Correlations obtained by these workers were o. 88 and O. 97, 
respectively. The correlation or 0.88 is similar to that obtained in 
the 1!!, !1!2,-i!l vitro study reported � the preceding section. The 
IVDMD procedure or Tilley and Terry (1963) is widely used for forage 
evaluation purposes. Although numerous minor modifications or the 
' procedure have been made to facilitate its use in different labora­
tories, · the results obtained are quite similar as evidenced by the 
high correlations obtained. 
Generally, ,!!l vitro cellulose digestibility (IVCD) exhibited 
the same trends as IVDMD. Again, all values being compared in table 
10 were obtained in the same .!!!_ vitro fermentation. IVCD also 
decreased significantly (P <.01) with later sampling date. The decline 
in IVCD from late May to August was greater than the decline in IVDMD. 
This probably is due to the encrusting effect of lignin on cellulose · 
· dir
.
ectly. Studies by Bolker (1963 ) and Sullivan (1966) indicated that _ 
there may be a direct linkage between lignin and hemicellulose. If 
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TABLE 10 . IN VITRO CELLULOSE DIGESTIBILITY OF GRASSES AS 
-AFFEC TED BY ADVANCING MATURITY 
Bromef!irass Intermediate Crested 
Manchar Sac Greenar Oahe Siberian Nordan 
Date . ,, % 'I, f, cf, \ f, . : 
1966 
5-23 85 . 4  85 . 9 86. 9  87. 9  84.3 85 .2  
5-29 82. 9  79.9 86. 5 84. o 81.3 80. 5  
6-4 76.3 79.3 83. 9  79. 7 78.9 78. J 
· 6-10 77. 8  79.6 83. 9 81. 9  79 . 5  79.3 
6-16 70.4 73.6 77.1 75. 7  74.1 71. 7 
6..22 63. 7 62.9 69.4 71. 7 . 66. 9  63.8 
6-28 57.9 62.9 67.3  67.9  58.2 59.4 
7-4 48. 4  53. 0 56. 7 57.6 49.5  53. 8  
7-10 47. 7  52.6 60. 7 61.3  48.5 48.2  
7-16 50�6 52. 0 58.2 58. 0 46. o 51.3 
7-22 53.1 58. 0 62.5 57. 5 44.8 48. 9 
7-28 49.9  54.9 .58.9 54. 7 40.9 42. 8 
8-3 46. 4  .52.3 .5.5. 9  .5.5.1  39.4 40. 7  
8-9 47. 9  46. 4  .57.6  49.9  38.2 40.4 
8-1.5 .53. 9 .51. 8 61.2 - 54.1 40. 9  40. 6  
x 60.al 63. 0 68.4J. 66 • .5 58.1 58. 9 
12§1 
5-23 73.9  75 . 1  77 • .5 ?1.4 10.a 75. 4  
· .5-29 74.2 75 .4 77.6  80. 9  77.3  76.6  
6-4 75.1 68. 8  72.7 75. 0 72.8 63.9 
6-10 67. 9 6.5 • .5 74.4 75. 9 68.9 58. 0 
6-16 .57. 4  63.9 71.1 70.3 61. 9  60. 8 
6-22 49. 7 57.1 70. 0 68.1 58.1 .50.4 
6..28 .50.1 52.8 67.4 69.9 5 5. 0 44.5 
7-4 45 .3 .5 5 . 5  62.1 62.1 44.6 46.9  
7-10 41. 4  44.1 58. 4 60.6  53. 0  43.8 
7-16 41.1 49.2  5 5.1 57. 3  39. 0 42.l 
7-22 42. 0 48. 7 54. 0 48.7 44. 1 44.5 
7-28 35 .1 38.2 58.6 53.7  32. 0  40. 7 
8-3 36.1 39.3  .52.3 49. 7 39.3 47.5  
8-9 34.9  40.3  52. 7 52. 5 40.6  39.5  
�-15 45.9  48. 7  56. 8 51.9  47. 7  48.6  
X 51.41 54.8 64.1 63.2  53. 7 52.2 
1 Variety means within a species differ significantly ( P <. Ol. ) .  
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this is the case. it would be expected that as lignin increased 
cellulose digestibility would be decreased more than dry matter digesti­
bility. IVCD followed a pattern similar to IVDMD in that the largest 
decrease occurred during the heading to early seed development stage 
. of maturity. In contrast to IVDMD. IVCD continued to decline gradually 
following seed development and reached a lower level than IVDMD. 
Greenar intermediate wheatgrass was significantly (P <.01) more 
digestible than Oahe in 1966 and Sac bromegrass was more digestible 
( P <. 01) than Mancha.r during both years while the crested wheatgrass 
varieties did not differ significantly. Since Greenar and Oahe inter­
mediate wheatgrass matured at the same rate, the difference in IVCD was 
due to :inherent characteristics. When these two varieties were 
compared :in the ,!!l .!1Y2. digestion trial reported previously, Greenar 
was also more digestible than Oahe. Manchar bromegrass was more 
• digestible than Sac when compared at similar stages of maturity, but 
as mentioned above, when sampled at a given date Sac was more 
digestible. 
Species differences for IVCD were considerably larger than for 
IVDMD. Intermediate wheatgrass was significantly ( P< . 01 )  _more 
digestible than bromegrass and crested wheatgrass. Species means wer_e 
bromegrass, 57.5% ; intermediate wheatgrass, 65.5i ; and crested wheat­
grass, 5 5. 8%. The means shown are directly related to maturity 
differences since intermediate wheatgrass was the latest maturing while 
crested wheatgrass was slightly earlier than bromegrass. As shown in 
table. ·10, digestibility of intermediate wheatgrass varieties did not 
reach as low a level as the other species ; however, this was not as 
apparent for IVDMD. 
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IVCD values were significantly lower (P <.01) in 1967 than 
1966. Mean IVCD values were 62. 7  and 56.6% for the two years, respec­
tively. This difference could be acco,mted for by earlier maturity 
and increased lignin content of plants sampled during the 1967 growing 
season. 
Interactions which were significant in the chemical composition 
and digestibility studies included the following : variety by date 
within species, species by year, variety by year within species, date 
by year and species by date by variety. The significant variety by 
date ·within species interaction indicates that one variety was not 
superior to another for all sampling dates studied. The interactions 
containing year effects were significant because of the variation in 
· chemical composition and _!!l vitro digestibility which existed from 
year to year for a given sampling date. These effects could all be 
related to the differences in maturity which existed between the two 
years of the study. · The significant interactions substantiate the 
commonly held concept that varieties and species of forage do not 
exhibit similar chemical composition and digestibility values from 
year to year at a given sampling date. Date by year, species by year, 
species and year means are presented in appendix tables 1 and 2. 
Year of harvest by variety interaction means are presented in · 
table ll. As was pointed out previously, digestibility and chemical 
composition differences between varieties within species were small. 
88 
TABLE ll. EFFECT OF YEAR OF HARVEST ON CHEMICAL COMPOSITION AND 
,!!i VITRO DIGESTIBILITY OF SELECTED GRASS V.ARIETIEsl 
Year 
1966 
1967 
Mean 
1966 
1967 
Mean 
1966 
1967 
Mean 
1966 
1967 
Mean 
1966 
1967 
Mean 
Brome�ass Intermediate 
Manchar 
27.6 
28. 7  
28. 2 
32.6 
34.9 
3J. 8  
4.8 
6. 3 
.5 .6 
65.9 
59.1 
62.5 
60. 8 
51 .4  
56.1 
Sac Greenar Oahe 
1, 'I, 1, 
Crampton � Ma.ynard Cellulose 
27. 2 30. 8 30.9  
29.4 30. 2 29.4 
28. 3  30. 5 J0. 2 
Acid-Detergent Fiber 
32.1 35. 2 3 5.7  
J4.6 J4.6 33 .8  
JJ .4  34.9  34.8 
Acid-Detergent Lignin 
4.8 4.9 5 . J 
6. 4 5 . 7  5. 7 
5 .6 5 .3  5 . 5 
l!'1. Vitro Dry Matter Digestibility 
66. 5 66.7 65 .8 
60.7  65. 2  64.6 
6J.6 65.9 65. 2  
!n, Vitro Cellulose Digestibility 
63.0  68.4  66. 5  
54. 8 64.1 63. 2  
58 .9 66. 3 64.9 
1 Mean of 15 harvest dates per year. · 
Crested 
Siberian Nordan 
f, f, 
32. 5 30.9 
28. 5  29.6 
30. 5 30. 3 
36. 2 34. 8 
32. 9  34.7 
J4.6 J4. 8 
5 . 9  5 .6 
6.6 6. 5 
6.J 6.1 
62. 8  63. 3  
62.6 62. 2 
62. 7 62. 8 
58 .1 58 .9 
53. 7  52. 2 
5 5 .9  5 5. 6  
Differences which were present could usually be related to differences 
in maturity. It is apparent from this season-long study and the .i!!. 
� study that differences between varieties within species used in 
this investigation were minor and of little practical import.ance. The 
chemical analyses used and the 1!!, vitro methods appeared highly related . 
since differences in chemical composition were reflected in IVDMD and 
IVCD. 
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This investigation also indicated that a season-long comparison 
may be more valid than comparisons based c;m only a few harvests. As 
seen in the tables, differences which are present at one stage of 
maturity may not be present at a more advanced stage. A season-long 
study may also be warranted to determine the ultimate level of digesti­
bility which is reached late in the growing season. Studies of this 
nature should prove helpful to the plant breeder in assessing forage 
quality and in the selection of strains which remain high in digesti­
bility throughout the season. 
Chemical Com:position � El  Vitro Digestibility of Plant Fractions With 
Advancing Stages 2! Maturity 
During recent years considerable research has been conducted in 
the area of laboratory evaluation of forages to determine their 
nutritive valu·e. The majority of this work has utilized the whole 
plant, with little consideration given to the various plant fractions 
and how they may affect chemical composition and digestibility of the 
whole plant. This portion of the study was conducted to determine the 
chemical composition and IVDMD of certain plant fractions and their 
effects on the intact plant. The amount of dry matter contributed to 
the total. plant dry matter by each fraction was also considered. 
Samples of the six forage varieties were collected every ninth 
day beginning J une 1, 1966, and continuing through August 12. Plants 
were separated into leaf blade, leaf sheath, stem and seed.head 
tract.ions. A portion or the sample was left as intact plant to allow 
comparison of plant fractions with the intact plant • .Ana.;Lysis of 
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variance of the data was conducted on a within species basis since 
all of the IVDMD samples could not be accommodated in one fermentation 
run. As the tables are examined, it should be kept in mind that. samples 
we re collected at a given date and not at equal stages of maturity. 
In order to avoid unnecessary repetition in discussing each species, a 
discussion or previous work in this area follows the results obtain ed  
in this study. 
Bromegrass Varieties. Dry matter contribution of the various 
plant fractions to the total plant dry matter of Manchar and Sac brome­
grass is shown in table 12. Leaf content of these two varieties was 
quite similar throughout the growing season even though Manchar was 
·-
three days earlier - in maturity. Leaf content declined at the rate or 
nearly 2 percentage units per day from June 1 to 19 after which time 
the decline was very gradual. When sampling dates were averaged for 
the ent�re season, there was essentially no difference in leaf content 
between Manchar and Sac. Leaf sheath comprised about 20,, of the total 
plant dry matter at the June 1 sampling date and remained near 15% 
throughout the season. Differences between the bromegrass varieties 
we re minor. 
Although Sac was the later maturing variety, stem content was 
ai greater than Manchar when averaged over sampling dates. Stem 
content increased most markedly during the heading and flowering 
stages of maturity and increased more gradually during the remainder 
of the season. It is readily apparent that the stem content of 
grasses is the most important fraction affecting digestibility later 
Date 
6-1 
6-10 
6-19 
6..28 
7-7 
7-16 
7-25 
8-3 
8-12 
x 
TABLE 12. DRY MATrER CONTRIBT1rION OF PLANT FRACTIONS 'IO THE TOTAL 
PLANT DRY MATrER OF BROMmRASS VARIETIES 
Leaf · Sheath Stem Seedhead 
Manchar Sac Manchar Sac Manchar Sac Manchar 
% % "' "' % % % 
68.5 66.4 18.4 21.6 13. 1  ll.9 --
52.1 52.8 18.4 14.9 20.9 16.1 8.5 
29. 7 33.5  28.4 15.9 24.1 30.8 17.8 
25. 6 23.2  15.7  15.9  35.9 34. 2 22.5 
21.1 20.2 13.0 13. 6 37.2  41.1 28. 6 
18.5 20.0 13.1  12.9 43.4 45.9  25.0  
13.5 19.7 13.2 14.9 41.4 50.0 31.9 
18.1 18.6 lJ. J 15. 6 4J.8 49.5 24.·8 
14. 6 16.8 14. 6 15.9 49.9 56. 7 20.9 
· 29.1 30.1 16.5 16.2 34.4 37.4 20.0 
Sac 
% 
12.2 
19. 7 
26.7 
25. 1  
21.1 
15.4 
16. J 
10. 6 
16.4 
'° � 
in the season as it accounts for about one-half or the plant dry 
matter. 
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The seedhead contributes a variable percentage of the plant 
dry matter as shown in table 12. As heading and seed development 
occurred, the seedhead increased gradually followed by a variable 
decline associated with shattering of the seed. Differences between 
varieties in the amount of dry matter accounted for by the seedhead 
were variable although the seasonal average showed Manchar to contain 
more than Sac. 
Cellulose and acid-detergent fiber (ADF) content of bromegrass 
plant fractions are presented in table 13. Significance levels 
between varieties within species and �etween plant fractions are 
presented in table 14. Leaves and seedheads or Manchar bromegrass 
contained significantly (P <.01 ) less cellulose than sheath or stem 
, tractions. Sheaths contained significantly (P <.01 ) more cellulose 
than leaves or seedheads but less than stems. Means for Manchar plant 
fractions were leaf, 25.1% ;  sheath, 36.n ;  stem, 38. 2% ;  seedhead, 
25. 8� and intact plant, 29. 4%. Sac bromegrass leaves were lowest in 
cellulose content (P <.01 )  followed by seedheads, sheaths and stems. 
All fractions of Sac differed significantly (P <. 01 )  from one another 
in cellulose content. 
Analysis of variance for varietal differences showed that 
leaves and sheaths of Manchar contained more ( P <. 01 ) cellulose than 
the same fractions of Sac, while seedheads of Manchar were signifi­
cantly (P <. 01 )  lower than those of Sac. 
TABLE lJ . CELLULOSE AND ACII>-DETERGF.NT FIBER CONTENT OF 
BROMEGRASS PLANT FRACTIOOS 
Intact Leaf Sheath Stem Seed.head 
Ml- s M s M s M s M s 
Date % '1, '1, el, f, f, f, % % '1, 
Cellulose Content 
6-1 21.9 23.8 21.1 17.4  28. 6  28.9 24. 6  26. 6 
6-10 23. 9 25 .7 20 .2 18.4  31.2 29.9  32. 8 30. 9 23 . 9  24.5 
6-19 27. 3  28.7 22. J 24. 8  JJ.1 35 .1 33. 8  39. 8 22. 8 30. 6 
6-28 27.6 29.4  21.2 24. 8 34.9 37. 8  38. 6 42. 6 25 . 9  26.6  
7-7 31.5  31.1 23 .4  24.1 36.1 35 . J  40.2 39. 9  24.1  25 . 3  
7-16 28.2 28.9 24.2 23. 3 36.4 37 . 3  39.2 38. 7 28. 3  25 .1  
7-25 32.4 29.7 32.6 26.6 39. 3 36. 4 40.9  37.1 27.2 26.8  
8-3 30. 3 27.1 27.7  23.2 42.7 34. 8 40. 0  37. 4  27.5 28. 8  
8-12 33.7 28.4 29.4 25 . 6  39. 9  37. 8  40.2 39. 8 26. 4  31.1 
Acid-Detersent Fiber 
6-1 23.1 21.9 21. 8  22. 0 28. 8  30. 7 24.5  25. 9 
6-10 25 .1 25.7 22.5 24. 7 32. 3 33.1 32. 4  28.2 25 . 4  25 . 4  
6-19 30.4 28.5 25.8  25 .1 35.9  37.7 35 . 8  39. 3 26. 3 29.4 
6-28 33.2 32.2 27. 7 26.9  36. 3 J8.4  40.4  44. 6 28.5 J0. 8 
7-7 32.6 32. 7 28.8  27. 5 38.1 39.7 43.1 42. 6 29.2 30. 4 
7-16 32.4 33.7 31.4  36. 5 40. 0 4). 6  42. 0 45 . 7 33.9 34. 9 
7-25 34.2 36. 5 34. 7 35 .8 40.1 42.1 42.4 44. 7 32. 4  37.4  
8-3 33. 8  34. 8  36.1 34. 6 42. 9  41. 3  44.4 44. 9 33.4 38. 8 
. 8-12 36.5 36. 3 36.9 36.1 42.5 44. 3 47.9 45. 0  36.2 39.5  
1 M = Manchar bromegrass, S = Sac bromegrass. 
TABLE 14. MEAN SEASONAL CELLULOSE AND ACID-DETERGENT 
FIBER CONTENT OF PLANT FRACTIONS 
Varietyl Intact Leaf Sheath Stem Seedhead 
Perc ent Cellulose Content 
Manchar 29.48- 25.1b, 2 J6.7c, 2 J8.2d 25.Bh, 2 
Sac 2a. 6a 23.ab 35. 6° J8. Jd 27. 4e 
Greenar 32.2a, 2 27.5b, 2 J4. 6C J8.5d, 2 27.3b 
Oahe 33. 7a 26.9b J4.5c 39. 5d 27. 7e 
Siberian 32.9a, 2 26.6b J6.1C 4o. ad, 2 2a. 3e, J 
Nordan 31.9a 26. 6b J6.4C 37.9d 27. 7e 
Perc ent .Acid-Deter�ent Fiber 
Manchar 32. 3a Jo.5b, J  J8.5° • 2 41.od, 2 J0. 7b, 2 
Sac 32. 6a J0.9b 4o.oc 41.9d JJ.38 
Greenar 3a.1a, 2 J4.1b, 2 39.1c 44.2d 32. oe, 2 
Oahe J9.1a J2. 6b 39. 3a 44.lc 30.9e 
Siberian J7. 7a, 2 32.6b, 2 40. 3c, 2 44.4d, 2 J1. 7e, 2 
Nordan 35. 6a 32.1b J9. 2c 41. od 2a.9e 
a, b, c,d, e Means in a row bearing a different superscript differ 
. si�ificantly (P <.01 ). 
· - -
Manchar and Sac - June 10 to August 15. 
Greenar and Oahe - June 19 to · August 15. 
Siberian and Nordan - June 10 to August 15. 
2 Means in a pair differ at the 1% level. 
3 Means in a pair differ at the 5% level. 
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ADF content of plant fractions of bromegrass varietie s  
followed the same trends as cellulose content. Leaves and seedheads 
of Manchar did not differ in ADF content but both of these fractions 
contained less ( P <. 01 )  ADF than sheaths and stems. Stems contained 
significantly ( P < . 01 ) more ADF than any other fraction of Manchar. 
All plant fractions of Sac bromegrass differed significantly ( P < .01 ) 
from one another in ADF content. Leaves contained the least ADF 
followed by seed.heads , sheaths and stems while the intact plant was 
intermediate between leaves and seedheads. Varietal differences 
between fractions showed that sheaths , stems and seedhead s  of Manchar 
contained significantly ( P < . 01 ) less ADF than similar frac tion s of 
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Sac , while leaves of Sac contained more (P<. 0.5 )  ADF than those of 
Manchar. ADF content of the intact plants did not differ signific antly. 
As shown in table 13 cellulose and ADF content of al1 plant 
. fractions increased as plants matured. It was also apparent that 
leaves increased gradually in cellulose and ADF while the other 
fractions increased rapidly during the heading and fiowering stages of 
maturity. Cellulose and ADF content of seedheads was variable for 
both Manchar and Sac bromegrass. Apparently this is due to the 
changes which occur in this fraction with maturity. The development 
of the seed , followed by shatterine , could account for the variability 
shown. In general cellulose content was more variable than ADF 
content. 
Ac id-detergent lignin ( ADL )  and IVDMD values of bromegrass 
plant ·fraction s are shown in table 15 . .Analysis of varianc e 
TABLE 15. ACID-DETERGENT LIGNIN CONTENT AND IN VI'IRO DRY MATl'ER 
DIGESTIBILITY OF BROMEGRASS PLANT FRACTIONS 
Intact Leaf Sheath Stem 
M1- s M s M s M s 
Date % % % % 1, f, 1, '1, 
Acid-Detergent Lignin 
6-1 3. 9 3. 5 3. 5  3. 8 3.4 3. 9 2. 5  2. 6 
6-10 3. 4 3. 9 3.4 3. 2 4.3 4.5 3 . 5 3.1 
6-19 5.1 6. 4 4. 4 4.9 5. 2 5 .9  4. 9 5. 2 
6-28 5.3 6. 6 5. 0  7.2 6. 3 7. 3 7. 2 7. 7 
7-7 6. 2 6. 6 8. 2 7.4  7. 0 7. 8 8. 8 7. 6 
7-16 7. 4 7. 3  9. 7  8. 7 7. 5 6.4 8.1 7. 2 
7-25 8. 3 6. 3 8. 9 8. 6 8.1 6.9 8. 5 7 .7  
8-3 8. 5 6. 5 7. 8 8. 9 8. 2 6. 9 9. 2 8. 0 
8-12 9. 9 5. 8  9.7 t.9  8.6 1.0  8.9 7. 5 
l!!, Vitro Dry Matter Digestibility 
6-1 77. 3 75. 8  77. 8  ?8. J 73.1 73. 2 78. 5 78.7 
6-10 ?4. 7 75. 5  76. 5 76. 2 69. 0 71.1 76.2 80. 8 
6-19 66.1 69. 0  72. 7  73.1 62. 2 60.9 64. 2 62.4 
6-28 65. 2 65. 2 70. 8 68. 9 56. 5 50. 8 47.4  46.7 
7-7 61. 6 62. ? 70. 7 66. 5 54. 3 55 . 2  40. 8  4?. 2  
7-16 64. J 59.7  63.1 59. 3 53. 9 49.4  44.7 40. 6 
7-25 59. 2 63. 7 59. 3 64. 3 51. 6 51. 0 40. 2 46. 8 
8-3 56.1 61. 7 57. 6 61.1 49.2 41}.7 40.5 42. 2 
· 8-12 54. 0 60.3 58. 9  54. 6 46. J 46. 2 40. 7 46. o 
1 M = Manchar bromegrass, S = Sac bromegrass. 
Seed.head 
M s 
% % 
4. 4 3.9 
6. 2 7. 9 
6. 7 7. 3 
8. 6 6. 8 
8.1 6. 8 
8. 7 7. 5 
7. 7 7. 2 
8. J 6. 4  
74.4 75. 7 
64.l 63.5  
61.l  53.7  
58. 4 57. 8 
46. 8 53 .7  
46. 2 43. 7 
, 52.1 38. J 
54.5 40. 5  
'° °' 
indicating significanc e is shown in table 16. Sheaths of Manchar 
bromegrass contained significantly less (P <. 01 ) AOL than stems and 
seedheads and also contained less ADL than leaves, although this · 
difference was not significant. Leaves of Sac bromegrass contained 
significantly more ADL than sheath, stem or seedhead fractions. 
· Manchar bromegrass intact plants, stems and seed.heads contained 
significantly (P <.01 )  more ADL than similar fractions of Sac. 
In all fractions as well as the intact plant ADL increased 
with later sampling date. ADL values were about 2.5  to 3. � in 
early June and increased to 1o,t by mid-August. ADL values for leaves 
were considerably higher than expected. In some cases the leaves 
contained more lignin than sheaths which resembled stems in chemical 
composition. These high lignin values for leaves might be explained 
by the high protein content of this tissue which could increase ADL 
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' values if the extraction of protein nitrogen was incomplete. The 
variability of the ADL values cannot be explained. It is known that 
high drying temperatures can increase ADL values ( Van Soest, 1965a) ; 
however, the samples used in this study were dried at low temperatures. 
IVDMD of plant fractions of bromegrass varieties refiected 
c�endcal composition rather closely. Stems of both Manchar and Sac 
were significantly (P <. 01) less digestible than any other fraction 
while leaves of these varieties were the most highly digestible of 
any fraction (table 16). Digestibility of leaf sheaths and seedheads 
was intermediate between that of leaves and stems. · The intact plant 
and stem fractions of Manchar were significantly ( P <. 01 ) less 
TABLE 16. MEAN SEASONAL ACID-DETERGENT LIGNIN CONTENT AND 
11! VITRO DRY MATTER DIGESTIBil,ITY OF  PLANT FRACTIONS 
Varietyl Intact Leaf Sheath Stem Seedhead 
Percent Acid-Detergent Lignin 
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Manchar 6. sa, 2 7.1bc 6.9ab 7. 4c, 2 7 . Jc, 2 
s·ac 6. 2a ?. lb 6. 6c 6. sc 6.� 
Greenar 6. l ab, 2 6. 4b, 3 5.9ab 7.0° 5.9a, 2 
Oahe 6. 6a 6. ob 5.9b 6.7a _ 4. 7c 
Siberian 6.9a 7. 8b 6.9a s. 2c,J 6. � 
Nordan 6. sa ?. 4b 6.4c 6.5c 6.4c 
Percent .!!:!. Vitro � Matter Digestibility 
Manchar 62. 7a, 2 66. 2b, J  55.4c, J 49. 4d, 2 57. 2e, 2 
Sac 64.7a 65.5a 54. Jb 51� 6C 53. 3b 
Greenar 54.94• 2 62. 9b, 2 54. 24,J  45.9c, 2 57. 3d, 2 
Oahe 52. 1a 60.9b 52. 54 44.9c 61. 7b 
Siberian 56.5a, 2 56. 7a, 2 53.5b, 2 49. 6c, 2 61. 2d,J  
Nordan 60. 9ad 62. 3a 55.5b 52. 7c 60. 2d 
a, b, c,d, e Means in a row bearing a different superscript differ 
sigpificantly · (P <.01). ' l Manchar and Sac - J une 10 to August 15. 
Greenar and Oahe - June 19 to. August 15. 
Siberian and Nordan - J une 10 to August 15. 
2 Means in a pair differ at the 1% level. 
3 Means in a pair differ at the 5% level. 
digestible than those of Sac. Leaves and seedheads of Sac were 
significantly ( P <. 05 and P <. 01, respectively) less digestible than 
similar fractions of Manchar. 
As shown in table 15 IVDMD values for leaves and stems were 
nearly identical on June 1 and June 10. After this date, or about 
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the time of heading, IVDMD of stems decreased markedly while leaves 
declined slowly. The rapid decline in IVDMD of stem tissue along with 
its rapid increase during heading and flowering emphasizes the 
importance of harvesting early to obtain forage of high quality. The 
low digestibility of grasses late in the season is primarily due to the 
low digestibility of the stem and the large amount of it present. As 
shown earlier in table 12 the stem may account for 50 to 55f, of the 
total plant dry matter of Manchar and Sac bromegrass. In addition to 
the low digestibility of stem tissue, the coarseness of the stem may 
' decrease consumption late in the season. 
°IVDMD of sheath tissue declines less rapidly than that of stem 
tissue but also reaches a lower level than leaf digestibility. Seed­
heads also decline quite rapidly in IVDMD although_ the decline is not 
as rapid as that of sheaths and stems. Differences between varieties 
in IVDMD for bromegrass were relatively small although significant. 
Although leaves, sheaths and seedheads of Manchar bromegrass were 
more mature than those of Sac, they were slightly more digestible. 
This may indicate that Manchar would be more digestible than Sac 
when both are sampled at the same stage of maturity and this was 
shown· in the ill .YiY.2 digestion trial reported earlier. 
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Intermediate Wheatgrass Varieties. Dry matter contributed by 
each plant fraction to the total plant dry matter of intermediate 
wheatgrass varieties is shown in table 17. Greenar and 0ahe inter­
mediate reached the heading stage of maturity at the same date so that 
differences present between these varieties were probably due to 
inherent characteristics. 
Leaf content was higher and stem content lower for intermediate 
wheatgrass varieties than for bromegrass or crested wheatgrass at the 
June 1 sampling date. These differences were due to maturity since 
intermediate wheatgrass was about two weeks later. Leaf content 
decreased rapidly during head emergence and declined steadily there­
after with very little difference bet�een varieties. Sheath tissue 
accounted for about J2% of the plant dry matter on June 10 and 
decreased from that point on. 
Stems of the intermediate wheatgrass varieties increased at 
the greatest rate during the heading stage and increased steadily 
thereafter. Differences between varieties at a given date were small 
and variable and are of little importance. Seed.heads increased 
through mid-July and remained at this level through early August. The 
results of the plant separation data indicated that these two varieties 
are similar in growth pattems and morphological characteristics. 
Cellulose and .ADF content of Greenar and Oahe plant fractions 
is shown in table 18 and the statistical analysis of the data is 
presented in table 14. As shown in table 18 both cellulose and ADF 
content of plant fractions increased with later sampline . date and the 
TABLE 17. DRY MATTER CONTRIBUTION OF PLANT FRACTIOOS TO THE TOTAL PLANT 
DRY MA'ITER OF INTERMEDIATE WHEATGRASS VARIETIES 
Leaf Sheath Stem Seedhead 
Greenar Oahe Greenar Oahe Greenar Oahe Greenar Oahe 
Date % % 1, '1, '1, '1, '1, <I, 
6-1 71.6 70.8 20.1 22. 3  8. 3 6.9 
6-10 50. 7 56.1 34.5 30.7 14.9 13. 2 --
6-19 39.6 32.8 29. 7 27.4 23.6 27.1  7.1 12. 7 
6-28 25. 3  25.4 21.6 19.6  38.2 39. 5 14.9 15.6  
7-7 20.7 20.8 20.4  17.6 42.5 46. 3 16.5 15.4 
7-16 18.1 17. 2 20.1 18. 0 43.9 46.9 17.9 17. 8 
7-25 12. 0 14.4 21. 2 16.9 46.8  48.7 19.9 19.9 
8-3 13. 2 14. 2 19.5 17.9 53.6 46.5 13.8 21. 4 
8-12 10.1 ll.8 15.1 21.4 5 5. 8  56. 2 19.1 10.7 
X · 29. 0 29. 3 22.4  21. 3 36. 4 36.8 12. 2  12.6 
TABLE 18. CEU,ULOSE AND ACID-DETERGENT FIBER CONTENT OF 
INTERMEDIATE WHEATGRASS PLANT FRACTIOOS 
Intact Leaf Sheath Stem Seedhead 
c;]. 0 G 0 G 0 G 0 G 0 
Date 1, 1, % % % % % % 1, � 
Cellulose Content 
6-1 23.5 23. 2 21.9 21.7 28.6  28. 4  24. 6 24. 0 
6-10 23.9 23. 9 23.9 20. 8 30. 2  27.4 31.8 27.4 
6-19 29 .4  29.8  25.8 21. 7  33.1 32. 7 34.6 36. 0  25 .7  30. 7 
6-28 32. 5 33. 0 24.1 25 .4  35 .3 34.4 39. 9  40. 6 29. 5 30. 7  
7-7 30. 2 35.9  24. 2 24. 2 37.1 35. 2 39.3 39.3 28. 0 27. 6  
7-16 33.3 33.9 26.4 25 .7  32 .6  34. 2 39. 7  39. 6  26. 5 24.5 
7-25 32. 2 32.7 29.4 29. 6  34.5 34.3 39. 2 40. 9 26.3 23. 7 
8-3 33.3 33. 6 30.3 30. 0 35 . 6  35. 5 39. 0 40. 0 28. 9 26.5 
8-12 34.5 36. 7 32.1 32.1 34.1 34. 9 37. 5 40.1 25 .9 30.4  
Acid-Detergent Fiber 
6-1 24. 7 24. 6 23.7 23.3 29. 2 29. 9 23. 7  22. 0 
6-10 26. 0 26. 5 26.5 23. 9 30. 9 28. 6 30. 7  26. 8 
6-19 30. 2 33.4 26. 9 25. 3  34.3 35.4 36. 7  35 . 8 24.3 26. 6 
6-28 36. 9 37.1 28.3 27.3 38. 6 38. 2 44.9 43.5 36. 9  35.3 
7-7 38. 7 40.3 32.3 28. 2 38.5  38. 9  46.4  45.1 35 . 4 31.1 
7-16 40. 8 40. 7 34.4 32.3 38. 7 38. 5 45. 0 45 .1 31. 6 31.1 
7-25 39.3 38.8 38. 7 36. 5  41.1 40. 7  45 .6  45. 8 31. 4  26.1 
8-J 39.8  40. 8 38. 9 38.3 40. 8  41. 9 44.9 47. 7 33. 8 29.5  
·s-12 41.1 42. 7 38. 9 40.4 41.9 41.3 45. 6  45 .7  30. 9 36. 4 
1 G = Greenar and O = Oahe intermediate wheatgrass. 
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increase in ADF was greater than for c ellulose. Leaves of Greenar 
contained si�ific antly ( P  <. 01 )  less cellulose than the intact plant , 
leaf sheath or stem fractions. Sheaths contained signif-icantly 1.ess 
cellulose than stems and about 20% less than leaves. 0ahe plant, 
fractions all differed significantly from one another in c ellulose 
content. Leaves contained the least cellulose followed by the seed­
head ,  sheath and stem fractions. 
Varietal differences which were significant included cellulose 
content of the intact plant, leaf and stem fractions . Intact plants 
and stems of Oahe contained significantly ( P <. 01 )  more c ellulose than 
Greenar , while leaves of 0ahe contained less cellulose than those of 
Greenar. These differenc es are small- and unimportant when these 
grasses are harvested at or before the heading stage of maturity. 
ADF values followed a trend similar to those of c ellulose for 
· :fractions of Greenar and 0ahe. In both of these varieties the seed.head 
was lowest in ADF followed by leaves ,  sheaths and stems. Plant 
tractions of Greenar all differed significantly ( P <. 01 )  from one 
another while in ta�t plants and sheaths of Oahe w�re similar in ADF 
content. As with c ellulose , stems contained approximately 25% more 
¥>F than leaves and about 1o,t more than sheaths. The observation that 
stems of these varieties contain 44% ADF may explain the low digesti­
bility obtained in the i!:!, !1!2 trial as well as the poorer consumption 
of this forage by the lambs. 
Intact plants of 0ahe contained significantly ( P < . 01 )  more 
cellulose than Greenar while leaves and seedheads  of Greenar contained 
significanily (P  <. 01) more ADF than the same fractions of Oahe. 
Although the$e differences were small, they no doubt affected the 
digestibility of the particular fraction and the intact plant. 
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From the data presented in table 18 it is apparent that the ADF 
values are approximately 6 to 8 percentage tmi ts larger than cellulose 
values. These higher values are due to the inclusion of lign� in the 
ADF analysis. The ADF analysis follows maturation more closely than 
cellulose as evidenced by the higher correlations with digestibility. 
Cellulose increases from 28 to 35i while ADF increases from 2J% in 
J une to 45� in mid-August. 
Acid-detergent lignin (ADL) and i!!, vitro dry matter digesti­
bility (IVDMD) of intermediate wheatgrass plant fractions are shown in 
table 19. ADL increased with later sampling date for all fractions as 
well as the il?.tact plant. The increase with later sampling date was 
greater for stems than the other fractions, while leaves, sheaths and 
seedheads increased at about the same rate. The relatively high ADL 
content of leaves was not expected; however, the lower leaves of these 
plants were dead and weathered which could increase the ADL content 
more than would be expected. 
Seasonal means shown in table 16 indicated that intact plants� 
sheaths and seedheads of Greenar did not differ significantly in .ADL 
content. Stems of Greenar contained significantly more ADL than any 
other fraction. Stems and intact plants of Oahe did not differ 
significantly in ADL content but contained significantly ( P <. Ol) more 
than leaves, sheaths and seedheads. Seedheads of · Oahe contained less 
TABLE 19. ACID-DETERGENT LIGNIN CONTENT AND m VITRO DRY MATTER DIGFSTIBil,ITY 
OF INTERMEDIATE WHEATGRASS PLANT FRACTIONS 
Intact Leaf Sheath Stem Seedhead 
Gl 0 G 0 G 0 G 0 G 0 
Date % % % % % 'f, % % % % 
Acid-Detergent Lignin 
6-1 3. 7  3. 2 3. 0  3. 3  3. 8  3. 2 3. 8  4. 9  
6-10 3. 2 4. 2 4.4 4.5 4.1 3. 7 3. 0  3. 8  
6-19 4. 3  5. 6 5.1 4.1 4. 8 4.5 4.9 4. 6 3. 0 2. 8 
6-28 5. 7 5. 3 5. 6 4.4  5.4 4. 8 5 . 8  5. 3 7.9 4. 3 
·7-7 5.9 6. 7 6. 6 5. 2  5. 7 6.1 8.1 8.1 6. 7 4.5 
7-16 7. 1 6. 7 7. 2 5. 3 5.9 5. 0 8. 2 6.9 5 . 6 4. 8 
7-25 6. 7 6. 3 7. 3 6.4 7. 0 7.1 7.5 7.1 6. 4 4.5 
8-3 6.9 7. 8 6. 7 6 •. 8 6.4 6. 8 7. 2 7.9 5.4 4.9 
8-12 6. o 7. 7 6. 2 6.9 6. 7 7.1 7. 3 7. 2 6. 2 6. 7 
.!n, Vitro � Matter Digestibility 
6-1 66. J 70.4 69. 3 69. 3  67.2 70. 8  73. 3 75.6 
6-10 71. 6 68. 0 72. 0  70.1 69.4 67.1 80.l 72. 2  
6-19 68.5 59. 6 68.9  67.9 58. 4 60. 7 60.4 60. 2 70. 7 73.5  
6-28 55 .5 55. 7  64.4 66. 6 53. 6 53. 8 52. 3 49. 4 52.9  58. 8 
7-7 55.7 49.5 65. 3 67. 3 59.5  50.8 40. 8 44.1 55. 8 60. 6 
7-16 50. 6 50. 3 61.1 65.9 49.5 54. 8 43.5 40. J 58.l 60.1 
7-25 50. 3 48.9 60.5 52. 6  50. 2 50.1  37.1 40.9 53. 8 63. 3 
8-3 . 53. 6  50.5 59.9 49.5 53. 9 47.4  49.9 34. 6 51.1 6J. 8 
8-12 50.8  50. 3 60.4 56.9 54. 2 49.5  37. 7 44. 8 58. 5 51. 9 
l G = Greenar and O = Oahe intermediate wheatgrass. 
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ADL than any of the other fractions. A comparison of varietal means 
showed that leaves and seedheads of Greenar contained significantly 
more ADL than those of Oahe ( P <. 05 and P <. 01, respectively). 
However , intact plants of Oahe contained significantly (P <.01) more 
ADL than Greenar intact plants, 6. 61, compared to 6.1�. From the data 
shown in table 19, ADL content of Oahe intact plants increased more 
rapidly later in the season when compared to Greenar. 
IVDMD values shown in table 19 for the intermediate wheatgrass 
varieties indicate that stems of these varieties were more digestible 
than leaves at the J une 1 and 10 sampling dates. However, the decline 
in stem digestibility was much more rapid than that of leaves so that 
on June 19 leaves were about 12i mor� digestible than stems. The rapid. 
decline in stem digestibility was associated with stem elongation prior 
to and during heading of the varieties. Leaf sheaths appeared lowest 
' in IVDMD of any fraction on June 1. This tissue is probably the most 
mature· part or the plant at this time and serves as the structural 
material before stem elongation begins. The leaf sheath resembles the 
stem in content of fibrous components and lignin ; _however, IVDMD of the 
sheath does not decline to as low a level as that of stems. The seed­
head was highly digestible during early stages of heading but declined 
rapidly. From table 19 it can also be seen that digestibility of the 
seedhead exhibited considerable variability. This variation might be 
explained by development of the endosperm followed by seed shattering 
later in the growing season. The ·variability in IVDMD of the seedhead 
followed quite closely the variation in ADF content of this fraction. 
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Plant fraction means shown in table 16 revealed that leaves of 
Greenar were more digestible than any other fraction. Seedheads were 
significantly ( P <. 01) more digestible than sheaths and stems, while 
digestibility of sheaths and intact plants did not differ signif�­
cantly. Stems were lower in IVDMD than any of the other fractions, a 
reflection of ADF and ADL content which were highest for these 
fractions. Leaves and seedheads of Oahe were significantly (P <. 01) 
more digestible than sheaths and stems. Stems were lowest in IVDMD 
followed by leaf sheaths. IVDMD of intact plants of Oahe was similar 
to that of sheaths and intermediate between that of leaves and stems. 
Although analysis of variance was conducted on a within species basis, 
it is apparent that stems of the intermediate wheatgrass varieties were . 
considerably lower in IVDMD than the other species even though these 
varieties were two weeks later in reaching the heading stage of 
· maturity. 
Intact plants, leaves, sheaths and stems of Greenar were all 
significantly ( P <.01 or P <. 05) more digestible than similar fractions 
of Oahe. Seedheads of Oahe were significantly (P <. 01) more digestible 
than those of Greenar. The higher ADF and AOL contents of Greenar 
seedheads were renected in lower IVDMD values. The differences 
present in chemical composition and IVDMD between varieties of inter­
mediate wheatgrass were due to morphological characteristics since 
both Greenar and Oahe reached the heading stage of maturity · at the same 
date. The differences were not explainable by the amount of dry 
matter contributed by individual plant fractions to the total plant 
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dry matter since very little difference was present between varieties 
in this respect. 
Crested Wheatgrass Varieties. Dry matter contribution of each 
plant fraction to the total plant dry matter of crested wheatgrass 
varieties is shown in table 20. The lower percentage of leaf content 
and higher percentage of sheath and stem tissue on June l are 
indicative of the earlier maturity of these varieties when compared 
to bromegrass and intermediate wheatgrass. Leaf content of Nordan 
declined more rapidly than that of Siberian early in June ; however, 
the seasonal mean was nearly identical for the two varieties. The 
importance of early harvesting of these varieties is emphasized by the 
fact that leaves account for only about l°" of the plant dry matter in 
mid-July. Sheath content of the intermediate wheatgrass varieties 
declined until June 28 and then leveled off with little difference 
between varieties. As with the other species, stem tissue increased 
most rapidly during the heading and seed development stages of 
maturity. Nordan appeared to increase more rapidly than Siberian. 
This could be related to maturity differences since Nordan was four 
days earlier in reaching the heading stage. The seasonal average 
showed that Nordan contained 5% more stem tissue than Siberian. At 
the August 12 sampling date these varieties contained 65� stem tissue, 
indeed an indication that these varieties should be harvested long 
before this date to obtain high quality forage. The amount of dry 
matter accounted for by seedheads increased through July 16 and 
TABLE 20. DRY MATTER CONTRIBUTION OF PLANT FRACTICIJS TO THE TOTAL PLANT 
DRY MATI'ER OF CRESTED WHEATGRASS VARIETIES 
Leaf . Sheath Stem Seedhead 
Siberian Nordan Siberian Nordan Siberi an Nordan Siberian Nordan 
Date 1, 1, 1, 1, 1, 1, 1, '%, 
6-1 55 .1 51. � 30. 3 30. 6 14. 6 18. J  
6-10 40.8 29.9 21.2 23. 7 31. 0 32. 7  6 . 9 lJ. 6 
6-19 23 .8 21.9 16. 7 15 .9  41. 9  40. 0  17.5  21. 9 
6-28 16.7  14.1 13 .J 10.4  45.5 52. 9  24.5 22. 6 
7-7 14. o 16. 3 11.9 12.4  52. 3 50.7 21. 8  20. 6  
7-16 10.4 13.4  12. 3 lJ.2 48.4 47. 6  28. 9 25. 7  
7-25 6.2 8.9 11. J  7.5  56. 6 61 .J  25 . 9 22.2 
8-3 10. 9 9.4 13. 7  ll.4  58. 9 64. 3 16. 5 14. 9  
8-12 10. 7 8. 3 14. 3 12.9 64.4 67. 9  10.5 10. 8 
x . 20. 9 19.J 16.1 15 .4  45. 9  48.4  16. 9 16. 9 
decreased thereafter. Both varieties contained the same amount of 
seedhead tissue when all sampling dates were averaged. 
110 
Cellulose and ADF values for Siberian and Nordan crested · 
wheatgrass plant fractions are shown in table 21. Cellulose content 
increased significantly (P <. 01) with later sampling date for all 
fractions as well as the intact plant. Leaves of both Siberian and 
Nordan remained essentially constant \llltil July 16 at which time 
cellulose content increased rapidly. Leaf sheaths were considerably 
higher in cellulose content than leaves throughout the study and con­
tained nearly as much cellulose as stems early in the season.  Seed.head 
fractions exhibited considerable variability in cellulose content with 
later sampling date. 
Fraction means shown in table 14 indicated that all fractions 
differed significantly (P <. 01 )  in cellulose content for both 
· varieties. Leaves contained the least cellulose followed by the 
seedhead , intact plant, sheath and stem fractions in order of increas­
ing cellulose content. Leaves contained J2% less cellulose than stems 
and 27/, less than leaf sheaths. 
ADF values shown in table 21 followed trends similar to those 
of cellulose content. Leaves of the two varieties increased more 
rapidly in ADF content than cellulose and reached a relatively high 
level in August. Leaves contained nearly as much ADF as sheaths and 
stems in August. The earlier maturity would allow greater weathering 
and leaching losses to occur in the crested wheatgrass varieties when 
compared to bromegrass and intermediate wheatgrass varieties. Although 
Date 
6-1 
6-10 
6-19 
6-28 
7-7 
7-16 
7-25 
8-3 
8-12 
6-1 
6-10 
6-19 
6-28 
7-7 
7-16 
7-25 
.8-3-
8-12 
TABLE 21. CELLULOSE AND ACID-DETERGENT FIBER CONTENT OF 
Intact 
sl N 
% 1, 
25.l 24.5 
28. 2 28.l  
33. 3 30.4 
32. 2 29 .6  
34. 2 33 .6  
34.6 31. 7 
33 . 0  32.5 
33 . 8  34. 2 
33.9 34.9  
26. 2  22. 5  
28. 5  27. 9  
34. 7 30 .9  
36 .9  36.6  
39 .6  38. 3 
39 . 7  36. 2 
40. J 36. 3 
40.6  )8. 6 
41. 2  40. 2  
CIIBSTED WHEATGRASS PLANT FRAC.TIONS 
Leaf 
s 
% 
22.9 
23. 8 
22. 3 
21.9 
22.9 
27. 7 
29 . 8  
31. 7 
32. 3 
23 . 3 
23 . 8  
24. 7 
27 .1  
29 . 1  
33 . 9  
38. 8  
40.8 
42.8 
Sheath 
N s N 
i 'f, % 
Cellulose Content 
24. 7  29.7 27.9 
23. 2 33. 7  33. 7  
22.4 35.8 38. 2 
23. 7 35.7  35.7 
24. 3 34.8 34. 2 
27. 6  34.5 36. 5  
27.6 38. 2 36.7 
31. 2 37.9 38.1 
32 .9  37.8 38.4 
Acid-Detergent Fiber 
22. 4 28.5  27 .1  
23. 5 32.9  33. 7  
26. 5 37. 7  41 . 2  
30 .1  38.9  39. 8 
29 . 2  39 .5  36.1 
JJ . 7  39.6 40.6 
34. 8 44.6 39.9 
39 . 3  44. 8 41. 0 
40. 0 44.6 41.4 
Stem 
s 
% 
31.9 
34.2 
41.4 
44. 2  
40. 7 
42.4 
44. 2 
40.9 
38. 5 
28.8 
33.4 
41. 8  
47.1 
46. 3  
47. 8 
47. 7  
46.9 
44. J 
N 
% 
29. 3 
36.1 
34. 3 
41.5  
39.1 
39. 2 
36.6 
38.4 
37. 8  
29. 5 
35. 3 
39. 8  
45. 3 
41. 8 
42. 1  
39.6 
42. 6  
41.9 
1 S = Siberian and N = Nordan crested wheatgrass. 
Seed.head 
s N 
% 'f, 
27. 8  26. 9 
34.6 30.5  
26. 6  28. 2  
27.4 26. 3 
23.9 24. 0 
23. 7 23 .1  
27. 7  28. 9  
34. 3  33. 7  
23. 4 24. 9  
32. 4  23 .1 
31.4 30.4 
38. 5  28. 4  
27 . 5 25. 3 
26.9  26. 2 
33. 8 33 . 8  
39 . 7 36. 8 
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Nordan contained more stem tissue than Siberian, ADF content of 
Siberian stems increased more rapidly and reached a higher level than 
stems of Nordan. Siberian was also the later maturity variety which 
indicates that the higher ADF content of stems of this variety Jas due 
to inherent characteristics. Seed.heads of crested wheatgrass varieties 
fluctuated in ADF content in a manner similar to cellulose con tent. 
All fractions as well as the intact plants of Nordan and 
Siberian differed significantly (P <. 01 )  in ADF content (table 14). 
In both varieties seedheads were lowest in ADF followed by leaves, 
intact plants, sheaths and stems in order of increasing fiber content. 
Leaves contained about 24'1, less ADF than stems. All fractions of 
Siberian contained significantly (P  <. 01 ) more ADF than fractions of 
Nordan with the largest difference occurring between stems of the two 
varieties. 
ADL and IVDMD values for Siberian and Nordan are presented in 
table 22. ADL increased significantly (P  <. 01) with later sampling 
date for all plant fractions as well as the intact plant. Leaves of 
Siberian crested wheatgrass contained more ADL than any other fraction 
at the August sampling dates. Leaves of Nordan appeared to increase 
in ADL more rapidly and earlier in the season than leaves of Siberian 
but did not attain values as high as those of Siberian. At the June 1 
sampling date stems were lowest in ADL but were similar to other 
fractions as maturity advanced. Seedheads were also variable in ADL 
content as was shown for cellulose and ADF content� Analysis of 
variance showed that stems of Siberian contained significanUy ( P < . 01 )  
TABLE 22 . ACID-DETERGENT LIGNIN CONTENT .AND IN VITRO DIGESTIBILITY OF 
CRESTED WHEATGRASS PLANT FRACTIONS 
Intact Leaf Sheath Stem Seedhead 
sl N s N s N s N s N 
Date % - % 1, % % % "' % % % 
Acid-Detergent Lignin 
6-1 3.9 4.4 3 .7  3.5 3. 5 3.7 2.5 2. 2 
6-10 3.9 3.5  4. 6 3.9 4. 6 4.3 4. J 3. 5 2. 7 J . J  
6-19 5 .2  5 .9 5.7 6.4 5 .3 6. 6 6. o .5 . 2  .5 . 7  6. 5 
6-28 6. 6 7.1 5 .4  8.2 5.9 6. 2 7. 7 7. 8  8. 0 8 .1  
7-7 7 .4 7 . 7 5. 8 8. 6 7.1 6.3 8. 6 7.1 6.1 7 .6 
7-16 8. 6 7 . 8  8.4 8. 6 7.9 7. 2 9. 8 7. 2 6. 6 .5 . 7 
7-25 8.1 6.9 10. 8  8.3 7.9  6 .8  10. 6 6. 8 7.1  5. 8  
8-3 7 .9 7 .1 10. 7 7.4  8 .9  6 . 6  8. 9 7.3  8 .3  7. 0  
8-12 7 .9  8 .2  11. 0  7. 8  8 .2  7. 0  9. 5 7. 4  8 .9 7 .3 
]h Vitro !!:I, Matter Digestibility 
6-1 76. J 84. 2 77. 5 78. 2 ao.3 75 . 7 85.9 80. J 
6-10 74. 8 74.5 76.2 77.1 63. 2 49.3 68. 0 69. 5 76. 2 65 . 3  
6-19 58. 7 65.9  75 .1 73. 5  58.1 59.1 62. 9  58. 6 66. o 67. 2 
6-28 58. 8 64. 5 70.1 71. 8 53.7  62. 8  52.1 58.1 65 .1 60. J  
7-7 56. 5 57.9 67.5  59. 8 · 54. 4 59.6 43. 7 50.3 57. 5 62. 2 
7-16 50. 5 61. 0  .57.2 55.1 56. 4  56. 2 44.4 50.1 65 . 2  64.7 
7-25 54. 8 60. 0 40.5  50.1 48. 6 52.2 39. J  4.5. 6  61. 8 59.9  
.8-J 47.9 52. 6 32. 6 47 • .5 50.B 51.9 40.9  44. 7 54.2 52.4 
8-12 49.9 50.8  34.7 53. 8 42. 6  52.4  45. 6 45. 0  43.7  4').4  
l S = Siberian and N = Nordan crested wheatgrass. 
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more AOL than any other fraction (table 16 ) .  Leaves contained more 
ADL than sheaths and seed.head s  but less _than stems. Seasonal averages 
also showed that leaves of Nordan contained significantly ( P  <. 01 )  
more ADL than any other fraction . !his difference was in part due to 
the high ADL content of Nordan leaves in August. At these dates leaf 
tissue accounted for only 1� of the total plant dry matter. Sheaths , 
stems and seedheads of Nordan did not differ significantly in ADL 
content. The only signific ant difference between varieties was in ADL 
content of stems. Nordan crested wheatgrass stems contained signifi­
c antly (P <.  05 ) less ADL than stems of Siberian. 
IVDMD values presented in table 22 show that stems and sheaths 
were higher in IVDMD than leaves of Siberian and Nordan crested wheat- . 
grass early in the season. Digestibility or leaves declined slowly 
until July 7 after which time it declined rapidly. As shown leaves of 
.• Siberian were of very low digestibility in late July and early August , 
a renection of their high lignin content at these sampling dates. 
IVDMD values for sheath fractions declined at a steady rate after a 
rapid decline in early June. Stems or both Siberian and Nordan 
declined rapidly during the preheading and heading stages of maturity. 
IVDMD of stems did not decrease to a lower level than leaves and 
sheaths of Siberian crested wheatgrass. Digestibility of the seedhead 
fraction refiected the variability in chemical composition as IVDMD 
values were also variable • 
.Analysis of variance of IVDMD values showed· that stems of 
Siberian were significantly ( P <. 01 ) less digestible than any other 
ll5 
fraction (table 16). Leaf sheaths of Siberian were more (P <. 0l) 
digestible than stems but not leaves or seedheads. Leaves of Nordan 
were significantly (P <. 01) more digestible than any other fraction. 
Sheath tissue IVDMD values were intermediate between stems and i;eaves. 
Varietal means showed that intact plants, leaves, sheaths and 
stems of Nordan were all significantly (P <. 01) more digestible than 
similar fractions or Siberian, the largest difference being IVDMD of 
leaves where Nordan leaves were approximately 9% more digestible. 
These differences indicate that Nordan crested wheatgrass is slightly 
superior to Siberian since Nordan was the earlier maturing variety. 
When these varieties were compared at equal stages of maturity by 
in vivo methods, Nordan was also slightly superior in digestibility. - -
Regardless of species, interactions which were significant in 
the plant sep_aration study included the fraction by date, fractim by 
' variety, date by variety and fraction by date by variety interactions. 
These interactions point out the fact that the varieties respond 
differently at different times during the growing season. 
Correlation c oefficients computed by using _ the values obtained 
for intact plants showed correlations between IVDMD and cellulose 
content, ADF, ADL, percent leaf and percent stem to be highly 
significant. Correlations were -. 87, -.93, -. 79, 0. 79 and -• 79, 
respectively. Correlation coefficients between ADF and percent leaf 
and percent stem were -. 89 and 0. 89 (P <:.. 01), respectively� The highly 
significant correlation of -.94 between percent leaf and percent stem 
indicates that these components vary nearly inversely durin g the 
growing season. 
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The results of the plant separation study are generally in 
agreement with previous work published in this area. In reviewing the 
literature little information was found concerning the fiber and lignin 
content of plant fractions. A study reported by Pigden and H�inrichs 
(1957 ) showed that lignin content was higher in stems (including 
sheath) than in leaves and that leaf percentage had a greater effect 
on lignin content than any other factor studied. Jarrige (1960 ) al.so 
reported that stems contained a greater proportion of membranes than 
leaves. Cellulose and lignin content of stems and sheaths of grasses 
· rose rapidly with _ advancing m.aturi ty -while leaves increased at a less 
rapid rate. The result·s obtained in these studies are similar to those 
reported in �e present study. In general, leaves contained less 
cellulose and ADF than any other fraction. Seed.heads contained more 
cellulose and ADF than leaves but less than sheaths while stems were 
highest in these components. ADL content was usually highest in stems 
followed by sheaths, seedheads and leaves in decreasing order. In 
some instances leaves contained nearly as much or more lignin than 
stems. This appeared only in very mature leaves which were weathered 
to a considerable extent. Little information was available on varietal. 
differences in lignin or fiber content ; however. a study by Sosluski 
.tl &• (1960) comparing the lignin content of varieties of ·bromegrass, 
intermediate and crested wheatgrass showed that small differ enc es were 
present between varieties. The differences were variable between 
years and locations and no trends were established. 
The contribution of various fractions to the total plant dry 
matter has been studied by Minson et al. (1960a) and Mowat et al. - - - -
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( 1965c). These workers found that percentage leaf decreased rapidly 
prior to head emergence and then decreased more slowly. These findings 
are in agreement with work reported in this study. In general, leaf 
content decreased most rapidly during head emergence and flowering and 
declined more slowly after this period. Stem tissue increased most 
rapidly during heading and flowering stages and increased gradually but 
steadi ly a.f'ter this time. Sheath content was highest in early harvests 
and declined slowly thereafter, usually comprising 15 to 20'% of the 
plant dry matter. Seed.heads were at a maximum shortly art.er heading 
and decreased from then on. 
Several studies have been reported on the digestibility of 
various plant fractions. Work by Pritchard � .!l• (1963) and Terry 
and Tilley (1964) showed that digestibility of all fractions decreased 
as season advanced, but the decrease was greatest for stem tissue. The 
I 
study of Terry and Tilley (1964) indicated that the leaf blade, the 
major fraction before head emergence, declined most slowly and stem 
tissue which predominated after head emergence declined most rapidly. 
Leaf sheath and seedhead fractions had intermediate values. These 
findings are in agreement with the -work reported in this paper. 
The IVDMD technique has also been used to study varietal and 
clon� differences by Mowat � al. (1965a, 1965b, 1965c ) .and Chri stie 
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and Mowat (1968 ) .  These workers found significant differences in 
IVDMD between varieties and clones when harvested at similar stages 
of maturity. Although the study reported here did not take maturity 
differences into account, significant differences were present b.etween 
varieties of intermediate wheatgrass and crested wheatgrass. The 
. varieties of intermediate were of similar maturity while Nordan crested 
wheatgrass was four days earlier in reaching the heading stage than 
Siberian. Intact plants and all fractions of Nordan except seedheads 
were more digestible than Siberian. 
In summarizing the implications or this study, it can be said 
that the rapid increase in stem tissue associated with heading of 
grasses and the associated rapid decline in digestibility of stem 
tissue indicate the need for harvesting at or shortly after the 
heading stage .or maturity. The results also indicate that the 
· selection for stems of high digestibility by plant breeders may be 
more beneficial than selection for leafiness since leaves remain 
higher in digestibility for longer periods. 
In addition. differences between varieties in chemical composi­
tion and IVDMD were small although significant in many cases. The 
differences shown to be significant are surely of minor importance 
when these grasses are harvested at the recommended stage of maturity. 
Effects of Limited Soil Moisture 2!!. Chemical Composition and l!!, Vitro - ------- -
Digestibility .2£. Grasses 
This portion of the study , although not a part of the original 
research proposal, became necessary due to the droughty conditions 
which existed in 196?. During early May of the 1967 study it became 
apparent that soil moisture distribution in the experimental plots 
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was not uniform. Soil samples were taken and it was determined· that 
subsoil gravel deposits about 0.5 to 1. 0 m. below the surface resulted 
in moisture losses in certain areas which caused unequal plant growth. 
These areas were not apparent during the 1966 study; however, late fall 
and winter precipitation in 1966 and early spring precipitation in 1967 
was nearly 13 cm. below normal. Areas which were not underlaid by 
gravel deposits or where these deposits were more than 1.5 m. below 
the surface showed normal plant growth. 
In addition, soil samples revealed that the shallowness to 
gravel resulted in a highly alkaline- soil at the surf ace. This could 
result in a portion of the phosphorus being bound in the inorganic 
form which �uld have been unavailable to the plants. The ability of 
grasses to withstand drought is important to the plant breeder and 
the effect of drought on the chemical. composition and digestibility is · 
important to the animal nutritionist. With this in mind it was decided 
to sample both areas rather than using one area or the other. 
Sampling dates were the same as used in the 1966 study; namely, 
.every sixth day beginning May 23 and continuing through August 15. 
Preparation of samples prior to analysis was also similar to 1966. 
Maturity of the grasses grown on soil of normal moisture was approxi­
mately one week earlier than in 19q6, while those grown on· soils of 
below normal moisture matured at · about the same date as in 1966. 
Throughout the discussion the grasses will be referred to as being 
grown on normal or dry soils� 
Plant height measurements taken on June 10 showed that plants 
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on normal soil - were 56, 30 and 5� taller, respectively, for bromegrass, 
intermediate and crested wheatgrass than those grown on dry soils. 
Yield data taken when each variety reached the 50% headed. stage showed 
that yields averaged. 3460 and 3900 kg. per hectare, respectively, for 
varieties of crested wheatgrass and bromegrass on normal soils. Yields 
on dry soils were 2ll0 and 2670 kg. per hectare, respectively, for 
crested wheatgrass and bromegrass. Intermediate wheatgrass varieties 
averaged 5115 kg. per hectare on both normal and dry soils. 
Although growth of the intermediate varieties was retarded early 
in the season, this spe-cies apparently compensated for the retarded 
growth. This_ may be explained by the two week later maturity of 
intermediate wheatgrass when compared to the other species. '!be later 
maturity allowed this species to benefit more from rainfall in early 
June which was considerably above normal. Normal precipitation for 
the month of J une was 10 cm. , while rainfall during June, 1967 • was 
22.6 cm. 
The samples grown on normal soils have been reported in the 
1966 and 1967 comparison. Differences between varieties within a 
species were the same as reported in the above mentioned comparison, 
but they were of lower magnitude. In the following three tables 
varieties have been averaged and therefore will not be emphasized in 
the 'discussion. 
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Chemic al composition and 1n_ vitro digestibility of bromegrass 
are shown in table 23. Regardless or so�l moisture or species 
c ellulose ,  ADF and ADL increased significantly whil e  IVDMD and IVCD 
declined signific antly ( P  < . 01 )  with later sampling d ate. Cellulose · 
content or bromegrass groVlltl on dry soils was 3.  ?% lower than that of 
plants grown on normal soil when all sampling dates were averaged. 
As shown in table 23 there was essentially no difference in cellulose 
content during late July �d August . ADF values followed a trend 
similar to that of c ellulose in that ADF content of plants grown on 
normal and dry soils did not differ in late Jtily and August . However , 
the seasonal mean was significantly different , 34. 7% ADF for plants 
grown on normal. soils and 32.9% for plants grom on dry soils .  ADL 
content did not differ signific antly between plants grown on either 
normal or dry soilr; . The study or Patton and Gieseker (1942 ) showed 
that grasses in a more arid region of Montana reached maximum lignin 
content earlier in the season . This was not found to be the c ase in 
this study. It would b e  expected that lignin content would follow a 
pattern similar to ADF ; however , this did not occur. Denium (1966 ) 
also showed that under dry conditions crude fiber and water soluble 
c arbohydrate content of grasses decreased • 
. .!!!, vitro digestibility dat a  reflected the altered chemic al 
composition of the grasses. IVDMD was significantly ( P < . 01 )  higher 
for bromegrass grown on soil of below normal moisture content when 
compared to plants grown on soils of normal moisture content . This 
difference was �pproximately 4%. Value s were 59 .9 and 62 . 4% , 
TABLE 23. CHEMICAL COMFOSITION AND IN VITRO DIGFSTIBILITY OF BROMIDRASS 
AS AFFECTED BY SO!LMOISTURE SUPPLYl 
Cellulose ADF ADL IVDMD 
N2 D N D N D N D 
Date % % % % % % '1, % 
May 23 23. 0 20. 6 23.4 21 .4 3 .4 3. 7  73.8 77. 7  
May 29 22. 2  19. 9 · 24.3  22.3 3.4 3.3 73. 8 74. 9 
June 4 23. 8 20.4 26.4 22. 9  4.4 4. 9  70.3 74. 9 
June 10 26.5 22.6 30.1 25.4 . 4.5 4.5 68.6 71. 2 
June 16 27 • .5 24.7 32.6 29. 0  6 .2  5 . 8  64.9 69. 9 
June 22 28. 1 27. 2  34.6 30.6 6. o 5 .3 62. 0 69. a  
June 28 30.4 28.6 34.9 33. 8 6.1 5 .5 60.9 63. 7 
July 4 29. 8 28. 2 35.4  35 .2  6.6 6.6 62.1 64. 2 
July 10 29. 2 31. 0  38.1 36.1 7 . 2 6 .8  57.7 58. 8 
July 16 29.3 28. 0  37.4 34. 9 6. 9 7.1 55 . 7  58.5 
July 22 32.1 31.9 38 . 9  36. 9  6 . 8  7.3 52. 9 56. 3 
July 28 31. 2 33.8  40.6 40.3 7.4 7. 9 49. 6 .50.3 
Aug. 3 33.7 34.4 39. 8  40. 0 7.1 7.3 49.5 49. 8  
Aug. 9 34. 7 34.3 41.6 41.3 9. 2 8. 6 48.4 47.9 
Aug. 1.5 34 • .5 34. 9 42.5  42.6 9.6 8. 9 48.3 48.1 
1 Average of two varieties •. 
2 N � · normal soil moisture, D = below normal soil moisture. 
IVCD 
N 
% 
74.5  
74. 8 
71. 9 
66. 7  
60. 7  
53.4 
.51 • .5 
.50.4 
42. 8  
45. 2 
4.5 . 3  
36.6 
37. 7  
37.6 
47.3 
D 
1, 
75 . 8  
78.1 
76. 8  
76.1 
67.1 
63 . 9  
57. 9  
52 .5  
47. 9  
42 .7  
47. 3 
39.1 
. 39.4 
39.3 
46. 7  
t-' 
N 
N 
respectively. for bromegrass grown under normal and dry conditions. 
IVCD values were also significantly (P <-. 01) lower for bromegrass 
grown under normal soil moisture when cO!llpared to dry conditions. 
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Means were 53. 0 and 56.7%. respectively, a difference of 6.5%. As 
pointed out earlier, cellulose and ADF differed very little in late 
J uly and August and this was also renected by the IVDMD values but not 
by the IVCD values. As was mentioned earlier, plants growing under dry 
conditions reached the heading stage of maturity about one week later 
than those on normal soils. It is doubtful that this factor alone 
accotmted for the altered composition and .i!! vitro digestibility 
since studies by Christie and Mowat (1968 ) have shown that later 
heading plants are less digestible than earlier maturing plants. 
The below normal soil moisture levels appeared to affect 
chemical comppsition and .!!l vitro digestibility of intermediate 
wheatgrass to a lesser extent than the other species (table 24). 
Cellulose content, was significantly (P <.01) higher in plants grown 
on soil of normal moisture content ; however, the difference was only 
1. 7%. Cellulose content increased significantly ( P <.01) with later 
sampling date and was highest for plants on normal soils during 
August. 
ADF values for intermediate wheatgrass also increased signifi­
cantly (P <.01) with later sampling date and were significantly lower 
(P <.01) for plants grown under dry conditions. Mean ADF content was 
34. 2 and 33. 3%, respectively, for· .plants from normal and dry soils. 
ADL values increased significantly (P <. 01 )  with later sampling date 
TABLE 24. CHEMICAL COMPOSITION AND IN VITRO DIGESTIBll,ITY OF INTERMEDIATE WHEATGRASS 
AS AFFE:CTED BY SOIL MOISTURE SUPPLYl 
Cellulose ADF ADL IVDMD IVCD 
N2 D N D N D N D N 
· Date </, % '1, i '1, '1, 61, '1, '1, 
May 23 22.3 21. 7 23. 9 22. 6 3.3 4.5 76. 2 78.1 74.5 
May 29 21.9 20. 9  24. 2 23.3 3. 8 4. 0 74. 9 74. 0  79.3  
June 4 21. 6 23. 7 25.3 24. 6 4.5 4. 6 73.3 72.1 73.8 
June 10 26.1 25.4 28. 4 26.3 4.7 4.5 70. 6 72.3  75 . 2 
June 16 27.5 26.4 30. 9  29. 9 4. 8 5.9 69.9  71.8 70. 7 
June 22 29.7 27. 7 33.3 30.9 5 .1 4.9 66. 9 70.1  69. 1  
June 28 32 .7  32.5 36.1 35. 4  4. 9 4. 6 68. 8 68. 5 68. 7 
July 4 31.7  29. 6 37.1 35 .5 5. 5 5 . 8 69.2 67. 9 62.l 
July 10 - 30.9  29.9 38.3 :n. 2  6. 8 6 .8  59. 8  61.3 59. 5 
July 16 30. 9 29. 2 37. 5  35.9  6. 6 6. 5 60.4 63.4 56. 2 
July 22 30.7 29.9 37.1 37. 2 6.2 6.3 60.1 61. 5  51.3 
July 28 33.3 32 . 6  38.5  38.3 6.3 6.8 58.1 58. 2 56. 2 
Aug .  3 35. 8  36.5 39.7  40.1 7. 2 7 .8 57.9 56. 7 51. 0 
Aug. 9 36. 2 37.3 40. 7  40. 9  8.3 7.4 54.1 54. 2 52 . 6  
Aug. 15 35. 9  36.3 41.5  41.4  7 .9  8.1 53.7 53. 2 54. 4  
-
1 Average of two varieties. · · 2 N = normal soil moisture. D = below norm.al soil moisture. 
D 
1, 
74.3 
79. 8  
77. 6 
81� 0  
73. 9 
69. 6 
65. 8  
60. 0 
53. 7 
57. 5 
52 . 6  
53. 6  
-55. 2 
5 5. 6  
5 5. 5 
..., 
N 
+:"' 
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and were slightly but not significantly higher in plants grown under 
dry conditions. A study by Sosluski � &• (1960) showed little or no 
increase in lignin content of intermediate wheatgrass varieties· after 
the heading stage of maturity. This did not occur in the present 
study as ADL increased through the August sampling dates which were 
about six weeks after heading occurred. 
IVDMD and IVCD both decreased significantly (P <.01) with later 
sampling date and refiected changes in chemical composition. Differ­
ences between intermediate wheatgrass plants grown on normal and dry 
soils were smaller than for bromegrass or crested wheatgrass. IVDMD 
means were 64. 9 and 65. 6i for normal and dry soils, re spec ti vely, 
while IVCD means were 63. 6 and 64.4%, respectively. 
The smaller differences in chemical composition and .m, vitro 
digestibility between intermediate wheatgrass grown on normal or dry 
· soil may have been due to its later maturity. Intermediate wheatgrass 
did not reach the heading stage of maturity until June 16 while the 
other species headed within 2 to 3 days of June 3. The above normal 
rainfall in early and mid-June was apparently of more benefit to this 
species than the others. These obs.ervations were substantiated by 
yield data which showed no difference between normal and dry soil 
conditions for intermediate wheatgrass varieties, while yield of brome­
grass and crested wheatgrass varieties were reduced by 32 and 39%, 
respectively. 
Crested wheatgrass increased significantly (P <. 01 ) in cellulose, 
ADF and ADL content with advancing maturity (table 25 ) . Plants grown 
TABLE 25 .  CHEMICAL COMPOSITION AND IN VITRO DIGESTIBILITY OF CRESTED WHEATGRASS 
AS AFFECTED BYSOIL MOISTURE SUPPLYl 
Cellulose ADF ADL IVDMD IVCD 
N2 D N D N D N D N 
Date % % 1, 'I, % 1, '1, % % 
May 23 23.2 22.2 . 24. 5  23.5 3.7 3.8 78.1 76.1 73.1 
May . 29 23. 6 21.5  24.5  22. 6  4. 8 4. 6 74. 0 75.9 76. 9 
June 4 21 . 6  23.5  27 .5  23.1 4.5 4.8 72.1  73. 6 68.3 
Jtme 10 27. 7  24. 8 30.l 26.1 · 4.1 4.4 72.3 72.5 63. 5  
June 16 28. 6  26. 0 33.9 30.3  5 .7 6.4 71. 8  69. 6 61. 4 
June 22 27.3 25 . 8  33. 6 29. 8 5 . 8  5 .5 70.1  70.5 54.3 
Jun e 28 J0 .4 29.5 35. 6  33.5 6. o 6 .2 68.5  66. 6 49. 7 
July 4 28.5 29.9 36. 2 34. 7  6.4  6.2 67.9  65 . 9  45 . 7  
July 10 32.4  30 .7  38.1 35 . 6 7.1 6 .4  61.J  62. 7 48.5  
'July 16 29. 7 29.9 37. 7  J4. 8 8 .5  7.5  63. 4  .58.9 40. 5  
July 22 31. 7  31. 6  35 . 5  33. 7 7 .9 , 7 . 8  61. 5  58. 7 44. 6 
July 28 30.9 31. 6  36. 4  34.9 7.2 7 . 6  58.2 56. 6 36.4  
Aug . 3 33. 7 32.9 36.9  35 . 9 8 .1  8 . J  56. 7 55.2 43.4 
Aug. 9 32. 3 33. 7 38.1  37. 5 9. 6 9 . 6  54. 2 52. 8 39.9  
Aug . 15 34. 2  J4.1 J8. J 37. 1  8 . 7  8 . 6  53.2 52. 5  48.l 
l Average o f  two varieties� 
2 N = normal soil moisture, D = below normal soil moisture. 
D 
% 
74. 4 
79. 8 
77. 9  
72.1 
63.1 
63. 1 
61.2 
57. 4  
54. l 
48.2 
50.7  
4J. J  
41 . 7  
48.5 
51.9 
I-' l\J � 
I 
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on dry . soil contained significantly ( P  <. 01 )  less c ellulose than those 
grown on normal soil s ; however , the differenc e was small ,  28.5% compared 
to 29.1%. Although _the seasonal mean differed signific antly, c ellulose 
content was similar in late July and early August. 
ADF content of crested wheatgrass from dry soils was 6.5% lower 
( P < . 01 )  than from soils of normal moisture content. Unlike c ellulo se 
content which was similar late in the season , ADF content of grasses 
from normal soils remained higher throughout the season. Mean ADF 
content of crested wheatgrass was 33. 8% for plants from normal soils 
and Jl. 6% for plants from dry soils.  
As in the other specie s ADL content was not affected by soil 
moisture but did increase significantly ( P  <. 01 )  with l ater sampling 
date. ADL content of crested wheatgrass was higher than the other two · 
species studied .  
IVDMD an d  IVCD both declined signific an tly ( P  <. 01 )  with later 
sampling date, with the greatest decline occurring during the heading 
stage of maturity. The r apid decline in IVCD values for samples from 
dry · soils occurred: about one week later than in those grown on normal. 
soils.  IVDMD was significantly ( P  <. Ol )  greater for samples grown on 
dry soils ,  64. 5% compared to 62 . 4%,  than samples grown on normal soils. 
IVCD �as also greater for plants grown on dry soil s , 59. 2% compared to 
52 .9%,  a difference of 10%. This highly signific ant increase in IVCD 
could not be explained by lignification of the plants since ADL content 
did not differ signific antly due to moisture conditions .  
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Variety by moisture within species means are presented in 
table 26. As shown both varieties of bromegrass, Greenar intermediate 
and Nordan crested wheatgrass all contained significantly more cellulose 
when grown on normal soils. Oahe intermediate and Siberian crested 
wheatgrass did not differ in cellulose content due to soil moisture. 
Manchar bromegrass contained significantly less cellulose than Sac at 
both soil moisture conditions. Greenar intermediate and Nordan crested 
wheatgrass contained more cellulose than Oahe intermediate and Siberian 
crested under normal moisture conditions but not tmder dry conditions. 
ADF content of all varieties was significantly higher at normal soil 
moisture levels than dry soil conditions. Manchar contained less ADF 
than Sac bromegrass under dry condit\ons. Greenar intermediate con­
tained significantly more ADF than Oahe at both soil moisture levels, 
while Siberian contained less ADF than Nordan at normal soil moisture 
· conditions. 
ADL values did not differ significantly between soil moisture 
levels or varieties within species. IVDMD and IVCD values for all 
varieties except Greena.r intermediate wheatgrass were significantly 
higher for plants grown on soils of below normal moisture _content. 
Varietal differences in IVDMD and IVCD were small and are presented 
in table 26. 
Species, moisture and species by moisture interaction means 
are presented in appendix table 4. 
In summarizing the effects. of soil moisture on chemical. 
composition and in vitro digestibility of grasses, it was shown that 
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TABLE 26.  MEAN CHEMICAL COMPOSITION AND IN VITRO DIGESTIBll,ITY 
OF GRASSES AS AFFF.X::TED BY SOILMOISTURE 
Brome�ass Intermediate Crested 
Manchar Sac Greenar Oahe Siberian Nordan 
Moisture <f, et, % <f, "' "' 
CMC 
Normal 2e. 7a,l 29. 4l- 30.2a,2 29. 4  2s.5a 29 . 61  
Dry 27. 7a 28.3  29. 2 29. 4  28. 6  28. 4 
ADF 
34. 61 Normal 34.91 34. 6a,l 33. al  32.9a,l 34. 71 
Dry 32.5a 33. 2  34. oa 32. 6 31. 7  31. 4  
AOL 
Normal 6.3 6. 4 5 . 7  5 . 7 6. 6 6.5 
Dry 6.1 6.3 5 . B 5 .9 6. 6 6.5 
IVDMD 
Normal 59.1a,l 60. 71 65.2a 64. 0- 62. 61  62.21 
Dry 62. J  52.5 65.5 65 .7  64.la 64.9 ·-
IVCD 
63. 21 Normal 51. 4a,l 54.81 64.la 53. 7a,l 52.21 
Dry 56. 6 56.8 64. 2 64. 6  5a.1a 60.3 
a Means differ between varieties within species ( P <... 01 ) .  
1 Means in a pair differ significantly ( P <. 01 ) due to moisture 
condition. 
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plants from soils of below normal moisture content contained less 
cellulose and ADF than plants from soils of normal moisture content. 
ADL content was not affected by soil moisture levels. IVDMD and· IVCD 
I 
I 
values were significantly higher for plants grown on soils of below 
i 
normal moisture content. 
The beneficial effects of lower cellulose and ADF content 
and slightly higher in, vitro digestibility of plants was certainly 
overshadowed by the detrimental effect; of lower dry matter yields 
per hectare. Although yields of intermediate wheatgrass varieties 
were not different due to moisture level, chemical composition was 
affected even though rainfall in June appeared to compensate for any 
previous moisture deficit. 
The results of this study indicated that climatological 
factors infiuence the composition and in vitro digestibility of grasses - . . 
and these factors along with differences due to species, varieties, 
cutting date and preparation methods all influence the quality of 
forage produc�. 
I 
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Stn-tMARY .AND CONCLUSIONS 
A study was made to determi ne if ·.m vitro method s  of deter­
mi ning digestibility could be used as a selection criterion by the 
plant breeder to predict animal utilization of forages. In !!!!?.  
( conventional digestion trial ) and .!!'.!, vitro com parisons wer e  made to 
determine if differenc es in digestibility existed between vari eties of 
three s pec ies of gras ses when harvested at 5of, head emergenc e  and 14 
days thereafter .  l!!. � digestibility differenc es between varieties 
within a s pecies wer e  small and nonsignificant. However , inter mediate 
wheatgrass varieties differed signific antly when closely controlled 
.!!l vitro techniques were used. Animal variability reduc ed the 
probability of s howi ng . signific anc e .!!!, .!1!2, when small numbers of sheep 
were used. l!!, vitro tech niques were at least as effective as .!E, .!1!2, 
methods in evaluat ing relative differences in digestibility as evidenc ed 
by the highly signific ant correlations between the methods. IVDMD 
, using the two stage technique c ould c ertainly be included in plant 
s el ection programs design ed to develop su perior varieti es of forage. 
The highly · signific ant dec line in cr ude pr·otein and i ncreases 
in fiber and lignin along with the highly signific ant decl ine in 
digesti bility c learly poin t ou t that these grasse� should be harvested 
on or before the date of 5o% head emergence. Thi s also infers  that 
selection programs should include multipl e c oll ection dates. This 
becam e  readily apparent when ch emic al analyses and i1:1. vi tro digesti­
bility determinations were made on forage vari eties har vested 
throughou t the 1966 and 1967 growi ng season s. Thi s phase of th e study 
132 
was conducted to observe the rate o f  maturation o f  forage varieties 
to determine if varietal differ enc es are maintained throughout the 
season. The resu lts showed that c ellulose content, ADF and AOL . al l  
increased significant ly with later samp ling date an d  that the inc reases 
were greatest during  the heading stage o f  maturity. As a result o f  
the inc reasing level o f  fibrous co mponents and lignin ,  in vitro 
c ellulose and dry matter digestibility dec lined significant ly. 
Differenc es between varieties within species were sma ll, although 
significant in so me instanc es. In severa l instanc es one  variety was 
not superior to another at al l  samp ling dates. These  differences · may 
not have been noted with smaller numbers o f  samp ling dates as demanded 
when .!!l .Y1Y2, trials are used. Speci�s differenc es also existed ;  
however, they coul d  b e  attributed to maturity differenc es. 
In order to determine the effects o f  anato mic al  changes o n  
· chemic a l  composition an d  .aJl vitro digestibility o f  grasses, plants 
were separated into l eaf b lade, leaf sheath, stem and seedhead 
fractions. It was thought that the determination of digestibility 
o f  individua l p lant fractions could provi de useful info rmation for 
p lant selection  work. It was found that leaf tissue dec reased 
markedly as a result o f  heading while stem tissue inc reas ed most 
rapidly during this period. Leaf tissue dec lined nearly two percentage 
units per day whi le stem tissue inc reased the same amount as a resu lt 
o f  heading. Leaf  sheath was high est prior to stem elongation  and 
dec reased gradual ly thereafter. Seedheads composed as much as Jo% 
of the total plant dry matter shortly after heading but decreased 
to 10  to 15% late in the season. 
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Leaves contained less fiber and lignin and were more digestible 
than the other fractions with few exceptions while stems contained the 
most fiber and lignin and were lowest in digestibility. Leaf sheath 
values for fiber, lignin and digestibility were intermediate between 
leaves and stems but resembled stems more closely than leaves. Seed­
heads were variable in chemical composition and digestibility apparently 
due to seed development followed by shattering of the mature seed. The 
results of this study indicated that the amount of stem tissue present 
does not seriously affect digestibility of the whole plant when 
grasses are harvested at or before head emergence. Delaying harvest 
beyond this date decreases digestibility markedly due to the large 
increase in stem tissue and the low digestibility of this tissue late 
· 1n the growing season. 
Selection by the plant breeder for forage varieties containing 
stems and sheaths of high digestibility would appear to be more 
meaningful than selection for leafiness since these two fractions 
compose nearly 701/, of the plant dry matter shortly after heading. 
This was evidenced by the lower digestibility of intermediate wheat­
grass varieties which contained a greater percentage of sheath and 
stem tissue as compared to the other species. 
A study was conducted in 1967 to determine the effects of below 
normal soil moisture on chemical composition and 1!! vitro digestibili�y 
of grasses. It was found that plants grown on dry soils �ontained less 
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cellulose and acid-detergent fiber and had higher in vitro cellulose - ---
and dry matter digestibility values than_ plants grown on soils of 
normal moisture content. The beneficial effects of lower fiber . and 
higher digestibility were overshadowed by reduced yields. This also· 
indicates another area which cannot be overlooked by the plant breeder 
in his efforts to eliminate experimental error. 
In conclusion, the data obtained in these studies showed that 
IVDMD would be of most benefit to the plant breeder for use in 
selection of plants with superior digestibility. The use of ADF and 
ADL are also recommended since correlations between these values and 
digestibility were high. Finally, the selection of plants having 
stems which remain high in digestibility during later stages of 
maturity is also recommended. The use of either of these criteria or 
a combination or the above used in association with present selection 
· methods should provide for more rapid progress in. the development of 
superior forage varieties. 
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APPENDIX 
TABLE 1 .  EFFreT OF YEAR OF HARVEST AND SAMPLING DATE ON CHEMICAL 
COMPOSITION AND DIGESTIBILITY OF GRASSESl 
1266 1962 
CMC2 ADF ADL DMD CD CMC ADF ADL DMD CD 
Date % % . 1, % % 1, ,, 1, ,, % 
5-23 20.7  20.6 1 .9  79. 7 85 .9 22.8  24.1 3 .5  75 .1 74� 0 
5-29 22.5 22.9 2.5  79. 3 82.5 22. 6  24.4 3 .9  74. 2 77. 0 
6-4 24. 4 26.4 3.5 76.6 79.4 22. 3 26.4 4.5 72 .1 71.4  
6-10 24. 8 26.6 3. 0 76.4 80. 3  26. 8 29.5 4.5 69. 7 68. 4 
6-16 27. 8 30. 2 4. 0 72. 7  73. 8 27.9 32.5  5 .6 67. 3  64. 3 
6-22 30.6 34. 3 4. 8 66.9 66.4 28. 4 33. 8 5.6 65. 2  58. 9 
6-28 33.1 37.8 _ 5 .9 65 . 3  62. 3  31. 2  35 . 5  5. 7 64.5 56.6 
7-4 32.8 J8.5 6.5 59. 3 53. 2 30. 0 36. 2  6. 2 64.5 52 .8  
7-10 32.4 38. 4 5 . 5  58.9  53. 2  30. 8  38. 2 7. 0 59. 3 50. 2 
7-16 32.5 39. 2 6.1 57.8  52 .7  29.9 37.6  7 .4  57. 5 · 47. 3 
7-22 32. 5  38. 7 6.6 59.6 54.1 31.5  37. 2  6.9 56.6 43.1  
8-J 32. 9 40. 0  6.3  .56.5 48. 3  34.4 J8. 8 7. 5 53 . 8  44.1 
8-9 34. 3 40.9 7.1 56. 2 46. 7  J4.4 40. 2  9. 0 51. 3  43. 4  
8-12 35 .1 42 .1 7 .7  54. 8 50.4 34.9 40. 8  8 .7  51. 0  49.9 
1 Average of 6 varieties, 2 bromegrass, 2 intermediate wheatgrass and 2 crested wheatgrass. 2 CMC = Crampton and Maynard cellulose, ADF = acid-detergent fiber, ADL = acid-detergent 
·1ignin , DMD = El vitro dry. matter digestibility and CD = 1!l vitro cellulose digestibility. 
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TABL.E 2 .  SUMMARY OF SPECIES AND YEAR EFFFX!TS ON CHEMICAL COMPOSITION 
AND _lli VITRO DIGESTIBILITY OF GRASS VARIETIES 
Bromegrass 
Intermediate 
Crested 
1966 
1967 
1966 
Bromegrass 
Intermediate 
Crested 
1967 
Brome grass 
Intermediate 
Crested 
CMCl 
1, 
28.2  
30.4 
30.4 
29 . 9  
29. 3  
ADF 
i 
Species Means 
33. 6  
34.8 
34. 6  
!!!!: Means 
34.4 
34. 2 
ADL 
'1, 
5. 6  
5 .4  
6.2 
5. 2 
6.2 
Species � !!!!:  Interactions Means 
27.4  32 .4  4 .8  
30. 9 35 .4  5 . 1  
31. 7  35. 5 5. 8 
29. 1  34. ? 6.3 
29 . 8  34. 2 5. 7  
29.1  33. 8  6.5 
1 See footnote appendix table 1. 
DMD 
� 
63 .1  
65. 6 
62. 7  
65. 2 
62 .4  
66. 2 
66. 2  
63. 1  
59. 9 · 
64.9  
62.4  
CD 
1, 
57. 5 
65. 5 
5 5. 8  
62. 7 
56. 6 
6i. 9  
6?. 5 
58. 6 
53.1  
63. 6  
52 .9 
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TABLE 3 . AVERAGE CHEMICAL COMPOSITION AND IN VITRO DRY 
MA'ITER DIGESTIBILITY OF PLANT FRACTIONS 
Species Intact Leaf Sheath Stem Seedhead 
component % 'I, % % . % 
Bromegrass \ 
CMCl 28.9  24. 5 36. 1 38.3  26. 6 
ADF 32. 4  30. 7 39 .3  41. 4  31. 9 
AOL 6. 5 7.1  6. 8 7 .1  7 .0  
DMD 63 .7  65. 9 54. 8 50. 5 5 5 . 3 
Intermediate 
CMC 32. 9 27. 2 34 .5  38. 9  27. 5  
ADF 38. 6  33.3 39. 2  44.1 31.4 
ADL 6. 4 6. 2 5 .9 6. 9  5 . 3  
DMD 53. 6  61.9 53.3 45. 4  59. 5 
C rested 
CMC 32. 4 26. 6 36. 2 39 . 3 27.9 
ADF 36.7 32 .4  39.8 42. 7  30. 3 
ADL 6.9 7. 6 6. 7 7. 4 6. 6 
AMD 58.7 59. 5  ·- 54.5 51. 2  60. 7 
1 See footnote appendix table 1. 
TABLE 4. 
Brome grass 
Intermediate 
Crested 
Normal 
Dry 
Bromegrass 
Normal 
Dry 
Intermediate 
Normal 
Dry 
Crested 
Normal 
Dry 
EFFECTS OF SOIL MOIS'rURE ON CHEMICAL COMPOSITION 
AND 1!i, VITRO DIGESTIBILITY OF GRASSES 
CMCl 
28. 6a 
29. 6b 
2a. aa_ 
29.3a 
28. 6b 
ADF ADL 
i "' 
Species Means 
33. aa 6.3a 
33. aa 5 .Bb 
32. 7b 6. 5a 
Moisture Level Means 
34. 2a 6. 2 
32. 6b 6. 2 
IVDMD 
% 
61. 2a 
65. 2b 
63. ac 
62. 4a 
64. 2b 
Species � Moisture Interactions Means 
29. 1  34. 7 6.3 59 . 9 
28.0  32. 9  6. 2 62. 4 
_ 29.8 34. 2 
� 
5 .7 64.9 
29 .3 _ 33.3 5 .9 65 . 6  
29.1 33. 8 6 . 5  62. 4 
28. 5 31. 6 6.5 64.5  
IVCD 
i, 
54. 9a 
64. ob 
56. lC 
56. 6a 
60.1b 
53. 0  
56. 7 
63. 6  
64. 4 
52. 9 
59.2  
a, b, c Means in a column differ ·at the 1% level of probability. 
1 See footnote appendix table 1. 
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